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STEAM  AND  STEAM-BOILERS. 


HEAT. 


NATURE  OF  HEAT. 

1970.  Heat  is  a  form  of  energy.  It  is  the  effect  of  a 
motion  of  the  molecules  composing  matter.  It  has  been 
stated  in  Mechanics  that  all  matter  is  composed  of  mole- 
cules; now,  these  molecules  are  not  in  a  state  of  rest,  but 
are  moving  or  vibrating  back  and  forth  with  a  greater  or 
less  velocity,  and  it  is  this  movement  of  the  molecules  that 
causes  the  sensations  of  warmth  or  cold.  If  the  motion  is 
slow,  the  body  appears  cold  to  the  touch ;  when  the  vibra- 
tions are  rapid,  the  body  becomes  warm  or  hot. 

1 97 1 .  It  was  shown  in  Mechanics  that  a  body  in  motion 
has  kinetic  energy,  the  amount  of  which  is  measured  in  foot- 
pounds by  multiplying  the  weight  of  the  body  by  the  square 
of  its  velocity  and  dividing  by  64.32.  Since  the  molecules 
composing  matter  are  in  motion,  they  must  possess  kinetic 
energy,  and  we  are  justified,  therefore,  in  saying  that  heat 
is  a  form  of  energy. 

1 972.  Temperature  is  a  term  used  to  indicate  how  hot 
or  cold  a  body  is;  i.  e.,  to  indicate  the  rate  of  vibration  of 
the  molecules  of  a  body.  A  hot  body  has  a  high  tempera- 
ture ;  a  cold  body,  a  low  temperature.  When  a  body,  as,  for 
example,  an  iron  bar,  receives  heat  from  any  source,  its 
temperature  rises;  on  the  other  hand,  when  a  body  loses 
heat,  its  temperature  falls. 

1973.  The  temperature  is  not  a  measure  of  the  quantity 
of  heat  a  body  possesses.  Temperature  may  be  considered 
to  be  a  measure  of  the  velocity  of  the  molecules  of  a  body 
as  they  vibrate  to  and  fro,  while  the  quantity  of  heat  may 
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be  considered  to  be  the  kinetic  energy  of  the  molecules  com- 
posing the  body.  A  small  iron  rod  may  be  heated  to  white- 
ness and  yet  possess  a  very  small  quantity  of  heat.  Its 
temperature  is  very  high,  which  simply  indicates  that  the 
molecules  of  the  rod  are  vibrating  with  an  extremely  high 
velocity. 

1974.  Temperature  is  measured  by  an  instrument 
called  the  thermometer,  which  is  so  familiar  as  to  scarcely 
need  description.  It  consists  of  a  thin  glass  tube,  at  one 
end  of  which  is  a  bulb  filled  with  mercury.  Upon  being 
heated,  the  mercury  expands  in  proportion  to  its  tempera- 
ture. Thermometers  are  graduated  in  different  ways.  In 
the  Fahrenheit  thermometer,  which  is  generally  used  in  this 
country,  the  point  where  the  mercury  stands  when  the  in- 
strument is  placed  in  melting  ice  is  marked  32°.  The  point 
indicated  by  the  mercury  when  the  thermometer  is  placed 
In  water  boiling  in  open  air  at  the  level  of  the  sea  is  marked 
212°.  The  tube  between  these  two  points  is  divided  into 
180  equal  parts  called  degrees. 

1975.  Effects  of  Heat — Suppose  we  take  a  vessel 
filled  with  some  substance,  say  water.     Let  the  vessel  be  a 

cylinder  fitted  with  a  piston,  as  shown  in 
Fig.  647.  The  water  is,  say,  at  the  freezing- 
point,  and  the  millions  of  molecules  compo- 
sing the  water  are  moving  to  and  fro  with  a 
comparatively  small  velocity.  Suppose  the 
vessel  is  placed  in  a  fire  or  furnace.  Heat  is 
communicated  to  the  molecules  of  water, 
and  they  begin  to  move  faster  and  faster. 
That  is,  their  kinetic  energy  increases,  and 
if  a  thermometer  were  inserted  in  the  vessel 
it  would  be  found  that  the  temperature  of 
the  water  rises.  Consequently,  oneeffectof 
heat  is  to  raise  the  temperature  of  the  body 
to  which  it  is  applied.  But,  after  reaching 
a  certain  temperature,  the  molecules  of  the 
Fio.  Mr  water  not  only  move  faster,  but  they  move 
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farther  from  each  other,  and  their  paths  are  longer.  It  is 
plain  that  if  the  molecules  are  farther  apart  than  they  were 
originally,  the  whole  body  of  them  must  take  up  more  space. 
In  other  words,  after  reaching  a  certain  temperature,  the 
water  expands  as  heat  is  added.  Hence,  another  effect  of 
heat  is  to  expand  bodies  to  which  it  is  applied.  Common 
examples  of  the  expansion  of  bodies  by  heat  are  seen  in  the 
setting  of  tires,  the  expansion  of  the  rails  of  a  railway  in 
summer,  etc. 

1976.  The  heat  supplied  to  the  vessel  of  water  has  so 
far  done  three  things:  (1)  Raised  the  temperature  of  the 
water,  and  thus  increased  the  kinetic  energy  of  the  mole- 
cules. Let  the  amount  of  heat  expended  for  this  purpose 
be  denoted  by  5.  (2)  A  certain  quantity  of  heat  has  been 
used  in  expanding  the  water;  that  is,  in  pushing  its  mole- 
cules farther  apart  against  the  force  of  cohesion.  Denote 
the  amount  of  heat  so  expended  by  /.  (3)  Since  the  water 
expands,  it  must  raise  the  piston  P  against  the  pressure  of 
the  atmosphere,  and,  consequently,  more  heat  must  be  used 
to  expand  the  water  than  would  be  required  if  there  were 
no  pressure  on  the  upper  side  of  the  piston.  Call  this  extra 
quantity  of  heat  W, 

If  we  denote  by  Q  the  total  heat  given  up  to  the  vessel  of 
water,  we  have 

Ordinarily,  the  greater  part  of  the  heat  given  to  a  body 
is  spent  in  raising  its  temperature,  and  but  little  is  used  in 
expanding  the  body.  That  is,  the  quantity  S  is  nearly  equal 
to  the  quantity  Q^  while  the  quantities  /  and  JFare  nearly 
nothing. 

1977.  Suppose  that  the  piston  is  removed  from  the 
cylinder  of  Fig.  647,  and  a  thermometer  is  inserted.  As 
the  vessel  becomes  more  and  more  heated,  the  temperature 
indicated  by  the  thermometer  will  rise  until  it  reaches  212°. 
So  far  most  of  the  heat  has  been  used  to  raise  the  tempera- 
ture of  the  water.  But  now,  no  matter  how  much  heat  is 
added  to  the  water,  the  thermometer  stands  at  212°,  and 
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can  not  be  made  to  rise  higher.  This  is  the  reason:  When 
the  temperature  reaches  212°,  the  molecules  of  water  have 
been  set  into  such  rapid  motion  that  the  force  of  cohesion 
is  no  longer  able  to  hold  them,  and  they  tend  to  separate. 
In  other  words,  the  water  is  changing  to  a  gas  (steam),  and 
all  of  the  heat  is  being  used  to  effect  this  change.  The 
temperature  of  the  steam  will  remain  at  212°  until  all  the 
water  is  changed  to  steam ;  then,  if  more  heat  is  applied, 
the  temperature  of  the  steam  will  begin  to  rise. 

Suppose  we  take  a  block  of  ice  at  a  temperature  of  say 
14°,  and  heat  it.  If  a  thermometer  is  placed  in  contact  with 
the  ice,  its  temperature  will  rise  until  it  reaches  32°,  and 
will  then  remain  stationary.  As  soon  as  this  temperature 
is  reached,  the  ice  begins  to  melt  or  change  to  water,  and 
the  heat,  instead  of  raising  the  temperature  farther,  is  all 
used  to  effect  this  change  of  state.  Here,  then,  is  another 
effect  produced  by  heat.  It  will  change  a  solid  to  a  liquid, 
or  a  liquid  to  a  gas. 

1978.  Latent  Heat. — The  heat  which  is  expended  in 
changing  a  body  from  the  solid  to  the  liquid  state,  or  from 
the  liquid  to  the  gaseous  state,  is  called  latent  heat.  The 
portion  of  the  heat  applied  which  raises  temperature,  and 
which,  therefore,  affects  the  thermometer,  is  sometimes 
called  sensible  lieat. 

1979.  Measurement  of  Heat. — Since  heat  is  not  a 
substance,  it  can  not  be  measured  directly  in  pounds  or 
quarts;  but,  like  force,  it  may  be  measured  by  the  effects  it 
produces.  Suppose  a  certain  quantity  of  heat  raises  the 
temperature  of  a  pound  of  water  from  52°  to  53°,  it  will 
take  the  same  quantity  of  heat  to  raise  the  temperature  of  a 
pound  from  53°  to  64°,  and  it  will  take  double  the  quantity 
to  raise  the  temperature  of  the  pound  of  water  from  52° 
to  54°  that  it  took  to  raise  the  temperature  from  52°  to 
53°.  The  unit  quantity  of  heat  is  the  quantity  required 
to  raise  the  temperature  of  a  pound  of  water  from  62°  to 
63°.  This  unit  is  called  the  Brltlsli  tliermal  unit,  or 
B.  T.  U. 


§18  STEAM   AND   STEAM-BOILERS.  6 

1980.  Relation  Between  Heat  and  Work. — Sup- 
pose that,  in  the  experiment  shown  in  Fig.  647,  the  piston 
had  been  allowed  to  remain  in  the  cylinder  while  the  water 
was  being  changed  to  steam.  Steam  at  212°  occupies 
nearly  1,700  times  the  space  that  the  water  originally  occu- 
pied. Hence,  the  piston  would  be  lifted  in  the  cylinder  to 
give  room  for  the  steam  which  was  being  formed.  But 
to  raise  the  piston  requires  work.  Here,  then,  is  an  example 
of  work  being  performed  by  heat.  On  the  other  hand,  work 
will  produce  heat.  If  two  blocks  of  wood  are  rubbed  briskly 
together,  they  will  become  warm,  and  may  even  ignite. 
The  work  of  friction  causes  the  journals  and  bearings  of  fast- 
running  machines  to  heat.  A  small  iron  rod  may  be  heated 
to  redness  by  pounding  it  on  an  anvil. 

1981«  Since  work  may  be  changed  into  heat,  and  heat 
into  work,  it  seems  probable  that  there  is  some  fixed  ratio 
between  the  unit  of  heat  (B.  T.  U.)  and  the  unit  of  work, 
the  foot-pound.  By  a  careful  series  of  experiments.  Dr. 
Joule,  of  England,  discovered  this  ratio.  He  found  that 
one  B.  T.  U.  is  equal  to  772  foot-pounds ;  later  and  more 
careful  experiments  show  that  778  foot-pounds  is  more 
nearly  correct.  This  number,  778  foot-pounds,  is  called  the 
meclianical  equivalent  of  one  B.  T.  U. 

We  have,  then,  the  following  important  law :  Heat  may 
be  changed  to  work,  or  work  to  heat ;  778  foot-pounds  of  work 
are  required  to  produce  1  B,  T,  U.,  and,  conversely,  the  ex- 
penditure of  1  B,  T.  U.  produces  778  foot -pounds  of  work. 

Example  1. — The  burijing  of  a  pound  of  coal  gives  out  sufficient 
heat  to  raise  14,000  pounds  of  water  from  62**  to  63**.  If  all  this  heat  is 
wholly  utilized,  how  high  will  it  lift  a  weight  of  700  pounds  ? 

Solution. — Since  1  B.  T.  U.  raises  a  pound  of  water  from  62°  to  63', 
it  requires  14.000  B.  T.  U.  to  raise  14,000  lb.  of  water  from  62"  to  63\ 
Hence,  the  burning  of  the  pound  of  coal  gives  out  14,000  B.  T.  U. 
One  B.  T.  U.  is  equivalent  to  778  foot-pounds;  hence.  14,000  B.  T.  U. 
are  equivalent  to  14,000  X  778  =  10,892.000  foot-pounds.  Then,  the 
height  to  which  the  weight  can  be  raised  is  10,892,000  -*-  700  =  15,560 
feet.    Ans. 

ExAMPLB  2. — A  cannon-ball    weighing    60  pounds  moves  with  a 
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velocity  of  1,300  ft.  per  sec.  Suppose  the  ball  were  suddenly  stopped 
and  its  kinetic  energy  changed  into  heat.  How  many  B.  T.  U.  would 
be  developed  ?  If  all  this  heat  were  applied  to  100  pounds  of  water 
at  a  temperature  of  60°.  to  what  temperature  would  the  water  be 
raised  ? 

Solution. — By  formula  113,  Mechanics^  Part  1,  the  kinetic  energy 

of  the  camion-ball  is  -^7-.,ir  =  — oT^ —  =  1.576.492  foot-pounds.     But 

778  foot-pounds  =  1  B.  T.  U.  Therefore,  the  number  of  B.  T.  U. 
developed  is  1.576,492  -*-  778  =  2,026.3  B.  T.  U.  Since  1  B.  T.  U.  raises 
the  temperature  of  a  pound  of  water  1  degree,  it  will  take  100  B.  T.  U. 
to  raise  100  pounds  of  water  1  degree.  Hence,  2.026.3  B.  T.  U.  will 
raise  100  pounds  of  water  2,026.3  -^  100  =  20.263^  and  the  final  temper- 
ature of  the  water  will  be  60"  -f-  20.263^  =  80.263^     Ans. 

1982.  Specific  Heat. — One  B.  T.  U.  raises  the  tem- 
perature of  one  pound  of  water  one  degree ;  will  it  have  the 
same  effect  on  a  pound  of  mercury  ?  Heat  two  one-pound 
iron  balls  to  the  temperature  of  boiling  water,  212°;  having 
now  the  same  weights  and  temperatures,  each  ball  has  the 
same  quantity  of  heat.  Place  one  of  these  balls  in  a  vessel, 
into  which  pour  slowly  enough  water  at  a  temperature  of  60° 
that  the  iron  will  be  cooled  to  70°  while  the  water  is  heated 
to  the  same  temperature.  Now,  place  the  other  hot  ball  in 
another  vessel,  into  which  pour  mercury  at  a  temperature 
of  00°  until  the  iron  and  mercury  reach  a  common  tempera- 
ture of  70°.  In  each  case  the  hot  ball  was  cooled  from 
212°  to  70°;  each,  therefore,  gave  up  the  same  quantity 
of  heat.  When,  however,  we  consider  its  effects,  we  find 
that  it  raised  less  than  \  pound  of  water  through  a  range 
of  10°,  while  14J-  pounds  of  mercury,  nearly  30  times  as 
much,  was  raised  through  the  same  range.  It  is  plain, 
therefore,  that  to  raise  a  pound  of  mercury  from  62°  to  63° 
requires  ^^  the  heat  necessary  to  raise  a  pound  of  water 
from  62°  to  63°.  Hence,  we  say  the  specific  heat  of  the 
mercury  is  ^V*  ^^  .0333. 

The  specific  lieat  of  a  body  is  the  ratio  between  the  quan- 
tity of  heat  required  to  warm  that  body  one  degree  and  the 
quantity  of  heat  required  to  warm  an  equal  weight  of  water 
one  degree. 
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Example  1. — It  is  found  that  to  raise  the  temperature  of  20  pounds 
of  iron  from  62"  to  63**  requires  2.276  B.  T.  U.  What  is  the  specific 
heat  of  iron  ? 

Solution. — To  raise  20  pounds  of  water  from  62"  to  63"  requires  20 
B.  T.  U.  The  specific  heat  of  the  iron  is,  according  to  the  above 
definition,  the  ratio  between  the  quantities  of  heat  required  to  warm 
the  iron  and  the  water,  respectively,  through  1  degree;  that  is,  it  is 
the  ratio  2.276  :  20  =  2.276  -f-  20  =  .1138.     Ans. 

Example  2. — The  specific  heat  of  silver  is  .057.  How  many  B.  T.  U. 
are  required  to  raise  22  pounds  of  silver  from  50"  to  60"  ? 

Solution. — To  raise  the  temperature  of  a  pound  of  water  1 
degree  requires  1  B.  T.  U.  Since  the  specific  heat  of  silver  is  .057, 
only  .057  B.  T.  U.  is  required  to  raise  1  pound  of  silver  1  degree. 
Hence,  to  raise  22  pounds  of  silver  10  degrees  must  require  .057  X  22  X 
10  =  12.54  B.  T.  U.     Ans. 

1983*  Rule. — To  find  the  number  of  B.  T,  U.  required 
to  raise  the  temperature  of  a  body  a  given  number  of  degrees^ 
multiply  the  specific  heat  of  the  body  by  its  weight  in  pounds 
and  by  the  number  of  degrees. 

Denote  the  number  of  B.  T.  U.  required  by  U ;  the  spe- 
cific heat  by  c\  the  weight  by  IF,  and  let  t  and/,  be  the  tem- 
peratures before  and  after  the  heat  is  applied,  respectively. 

Then,  U^cW  {t^-  t),  (136.) 

The  specific  heats  of  some  of  the  more  common  substances 
are  given  in  the  following  table : 

TABLE  41. 


Substance. 


Water. . . 
Sulphur 
Iron. . . . 
Copper  . 
Silver. . . 

Tin 

Mercury 
Lead  . . . 


Sp.  Heat. 


1.0000 
.2026 
.1138 
.0951 
.0570 
.0562 
.0333 
.0314 


Substance. 


Ice 

Steam  (superheated). 

Air 

Oxygen  

Hydrogen 

Nitrogen 

Carbon  monoxide.. .  . 
Carbon  dioxide 


Sp.  Heat. 


.5040 
.4805 
.2375 
.2175 
3. 4090 
.2438 
.2479 
.2170 
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1 984.  Latent  Heat  of  Fusion. — This  term  is  applied 
to  the  quantity  of  heat  required  to  change  a  pound  of  a 
given  substa,nce  from  the  solid  to  the  liquid  state.  The 
only  case  of  interest  to  the  engineer  is  the  heat  required  to 
change  a  pound  of  ice  to  water.  Careful  experiments  show- 
that  about  144  B.  T.  U.  are  required  to  change  a  pound  of 
ice  at  32°  to  water  at  32°.  Hence,  the  latent  heat  of  water 
is  144  B.  T.  U. 

1985.  The  latent  lieat  of  steam  is  the  quantity  of 
heat  required  to  change  a  pound  of  water  at  212°  into  steam 
at  212°.  Experiment  shows  that  this  quantity  of  heat  is 
about  9C6  B.  T.  U.  This  shows  that  the  heat  required  to 
change  a  pound  of  water  at  212°  to  steam  is  906  times  as 
great  as  the  quantity  required  to  raise  the  temperature  of 
a  pound  of  water  from  62°  to  63°.  The  latent  heat  of  steam 
is  different  for  different  temperatures. 

Example. — How  many  B.  T.  U.  are  required  to  change  5  pounds  of 
ice  at  15^*  into  steam  at  213''  ? 

Solution. — The  heat  units  required  to  raise  the  temperature  of  the 
ice  from  15"  to  82°  (the  melting  temperature)  is,  according  to  for- 
mula 136, 

U^c  W{i^-t)  =  .604  X  5  X  (33 -  15)  =  43.84  B.  T.  U. 

To  change  the  ice  to  water  requires  144  B.  T.  U.  for  each  pound,  or 
144  X  5  =r  720  B.  T.  U.  To  raise  the  water  from  33**  to  313"  requires, 
according  to  formula  136, 

c  W(Jx  -  0  =  1  X  5  X  (313  -  33)  =  5  X  180  =  900  B.  T.  U. 

Finally,  to  change  the  water  to  steam  requires  966  B.  T.  U.  per 
pound,  or  966  X  5  =  4,830  B.  T.  U.  Therefore,  in  all,  42.84  +  720  + 
900  +  4,830  =  6,493.84  B.  T.  U.  are  required.     Ans. 

Expressed  in  foot-pounds,  the  work  required  to  effect  the 
above  change  would  be  6,492.84  X  778  =  5,051,429.5  foot- 
pounds, or  work  enough  to  lift  a  weight  of  1,000  pounds 
nearly  a  mile. 

1986.  Since  a  pound  of  ice  requires  144  B.  T.  U.  to 
change  it  to  water,  it  follows  that  when  a  pound  of  water 
at  32°  changes  to  ice  (freezes),  144  B.  T.  U.  are  given  out  in 
the  process      Similarly,    the   condensation   of  a  pound  of 
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steam  into  water  at  212°  liberates  966  B.  T.  U.  This  prin- 
ciple is  applied  in  heating  buildings  by  steam.  The  steam 
passes  through  the  radiators  and  condenses.  The  latent 
heat  thus  set  free  warms  the  building. 

1987.  Temperature  of  Mixtures. — It  is  often  de- 
sirable to  calculate  the  final  temperature  of  a  mixture  of 
different  substances  at  different  temperatures.  The  follow- 
ing law  is  to  be  observed  in  such  cases:  The  quantity  of  heat 
in  a  mixture  is  the  same  as  the  quantity  of  heat  contained  in 
the  substances  before  being  combiiied.  If  two  substances  of 
different  temperatures  are  placed  together,  they  both  finally 
attain  the  same  temperature ;  the  heat  lost  by  the  one  in 
coming  from  a  higher  to  a  lower  temperature  is  gained  by 
the  other  in  passing  from  a  lower  to  a  higher  temperature. 

Rule. — To  fiiid  the  temperature  of  a  mixture  of  several 
substances^  multiply  together  the  weighty  specific  heat^  and 
temperature  of  each  substance  separately^  and  add  the  prod- 
ucts, Ncxt^  multiply  together  the  weight  and  specific  heat 
of  each  of  the  substances  separately^  and  add  these  products. 
Divide  the  former  sum  by  the  latter.  The  result  will  be  the 
temperature  of  the  mixture. 

Let  w^  z£/j,  zf ,   . . . .  =  weights  of  the  several  substances, 

respectively; 
c^  c^^  c^     . . . .  =  specific    heats    of    the   substances, 

respectively ; 
ty  t^^  t^     . . . .  =  temperatures    of     the    substances, 

respectively; 
T  =  final  temperature  of  niixture. 

Then,     r= '^i£^i^A±^^.A±^^.  (137.) 

WC'\'W^C^'\'W^C^-\' ' 

Example. —  15  pounds  of  water  at  42"  and  30  pounds  of  mercury  at 
70*  are  placed  in  the  same  vessel,  and  a  ball  of  lead  weighing  19  pounds 
and  having  a  temperature  of  110"  is  immersed  in  the  mixture.  What 
will  be  the  final  temperature  of  the  contents  ? 

Solution. — Applying  formula  137, 

^_15xlX42  4-30x  .0333  X  70  -f  19  X  0314  X  HO  ^  .^  .po       *„« 
^  "*  15xl-h80x.0333xl9x.0314  -*o.ij5.     An& 
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BXAMPLES  FOR  PRACTICB. 

1.  A  body  weighing  148  pounds  falls  63  feet.  If  the  energy  of  the 
body  at  the  end  of  the  fall  be  changed  into  heat,  how  many  B.  T.  U. 
will  be  developed  ?  Ans.  11.39  B.  T.  U. 

2.  An  expenditure  of  210  B.  T.  U.  per  minute  will  develop  how 
many  horsepower  ?  Ans.  4.95  H.  P. 

3.  Supposing  ^  of  the  total  heat  of  the  coal  to  be  used  in  doing 
work,  how  many  pounds  of  coal  must  be  burned  per  hour  to  run  a 
40  horsepower  engine?  Each  pound  of  the  coal  gives  out  18,500 
B.  T.  U.  Ans.  52.81b. 

4.  From  what  height  must  a  block  of  ice  fall,  that  the  heat  devel- 
oped by  its  collision  with  the  earth  may  be  just  enough  to  melt  it, 
supp)osing  that  all  of  the  energy  gained  during  the  fall  is  converted 
into  heat?  Ans.  112,032  feet. 

5.  A  bar  of  iron  weighing  20  pounds  and  having  a  temperature  of 
350"  is  plunged  into  a  tank  containing  130  pounds  of  water  at  55°.  To 
what  temperature  will  the  water  be  raised  ?  Ans.  60**. 

6.  How  many  pounds  of  ice  at  32**  can  be  melted  by  3  pounds  of 
steam  at  212**  ?  Ans.  23.875  lb. 

Suggestion. — Each  pound  of  ice  requires  144  B.  T.  U.  to  melt  it; 
each  pound  of  steam  in  changing  to  water  at  82°  gives  up  1,146  B.  T.  U. 
(See  Art.  1999.) 

7.  How  many  B.  T.  U.  are  required  to  raise  the  temperature  of 
26  pounds  of  copper  from  6T  to  98°  ?  Ans.  89,1  B.  T.  U. 


STEAM. 


PRBI.IMINARY  IDEAS. 

1988.  Steam  is  water  vapor ;  that  is,  it  is  water 
changed  into  a  gaseous  state  by  the  application  of  heat. 

The  process  of  changing  water  (or  other  liquid)  into  vapor 
by  means  of  heat  is  called  ebullltloiiy  or  boiling. 

1989.  When  a  vessel  containing  water  is  placed  in  con- 
tact with  a  flame  of  fire,  the  air  which  is  generally  contained 
in  the  water  is  first  driven  off  and  escapes  from  the  surface 
without  noise.  The  molecules  of  the  water  which  are  in 
contact  with  the  part  of  the  vessel  nearest  the  fire  receive 
heat  first,  and  begin  to  move  more  and  more  rapidly  until, 
finally,  the  cohesion  between  them  is  overcome,  and  they 
rise  into  the  main  body  of  water.  At  last,  the  whole  mass 
of  water  becomes  heated  through,  and  the  molecules  are 
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then  able  to  rise  through  the  body  of  the  water,  overcome 
the  pressure  on  the  surface  of  the  water,  and  escape  in  the 
form  of  a  gas.     Then  the  water  boils. 

1990.  It  is  plain  that  if  the  pressure  on  the  surface  of 
the  water  is  increased,  it  will  take  more  work  to  force  the 
molecules  to  the  surface  against  the  increased  pressure. 
That  is,  more  heat  must  be  expended  upon  the  water  to 
make  it  boil,  and,  therefore,  the  boiling-point  will  be  raised. 
We  have  seen  that  when  water  boils  in  open  air,  exposed, 
therefore,  to  the  atmospheric  pressure  of  14.7  lb.  per  sq.  in., 
the  water  boils  when  it  reaches  a  temperature  of  212°.  If 
the  pressure  on  the  surface  is  increased  to  say  32  lb.  per 
sq.  in.,  the  water  will  not  boil  until  it  reaches  a  temperature 
of  254°.  On  the  other  hand,  if  the  pressure  is  lowered  to 
6  lb.  per  sq.  in.,  the  water  boils  when  it  reaches  170°. 
Hence,  we  have  the  following  law: 

An  increase  of  pressure  on  the  surface  of  a  liquid  raises 
the  temperature  at  which  it  boils ;  a  decrease  of  pressure 
lowers  the  temperature  at  which  it  boils, 

1991*  When  steam  is  in  contact  with  the  water  from 
which  it  is  generated,  it  is  called  saturated  steam.  This 
is  the  condition  of  steam  in  a  boiler.  According  to  the  law 
just  given,  the  temperature  of  saturated  steam  depends 
upon  the  pressure  only.  When  the  steam  in  a  boiler  shows 
a  gauge  pressure  of  60  pounds,  its  temperature  must  be  307°. 
A  thermometer  placed  in  a  boiler  could  be  used  to  tell  the 
pressure  of  the  steam.  It  would  be  even  more  accurate 
(though  not  as  convenient)  than  a  steam-gauge. 

1992«  Steam,  if  not  in  contact  with  water,  may  be 
heated  like  air  or  any  other  gas  until  its  temperature  is 
higher  than  the  boiling-point.  For  instance,  let  a  quantity 
of  water  be  placed  in  a  cylinder  as  shown  at  ^,  Fig.  648. 
Supppse,  for  convenience,  that  the  area  of  the  cylinder  is 
100  sq.  in. ;  then,  the  pressure  of  the  atmosphere  upon  the 
piston  is  14.69  X  100  =  1,469  lb.  The  number  14.69  is  a 
little  more  exact  than  14.7. 

li,  M.    II.— 2 
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1093.  When  a  part  of  the  water  is  changed  to  steam, 
as  shown  at  b.  Fig.  648,  the  steam  is  in  a  saturated  state, 
and  its  temperature  is  213°.  When,  however,  the  water  is 
all  changed  to  steam,  as  shown  at  c,  any  further  addition  of 
heat  will  raise  the  temperature  of  the  steam,  while  the 
pressure  will,  of  course,  remain  at  14.  C9  lb,  per  sq.  in. 
Steam  in  this  condition  is  said  to  be  superheated  steam. 
The  specific  heat  of  superheated  steam  is  .4805,  or  say  .48 


Fi0.e4S. 

for  ordinary  purposes.  Hence,  .48  of  one  B,  T.  U.  is  re- 
quired to  raise  the  temperature  of  superheated  steam  one 
degree.  The  temperature  of  saturated  steam  can  not  be 
raised  if  the  pressure  remains  constant.  All  the  heat  is 
expended  in  changing  water  to  steam,  and  until  all  the 
water  is  vaporized  the  temperature  remains  constant. 

1994.  Prime  or  'vret  steam  is  steam  which  contains 
a  certain  percentage  of  water  in  suspension  or  mixed  with 
it.  If  steam  rises  from  the  surface  of  water  with  a  velocity 
greater  than  2.5  feet  per  second,  it  carries  water  with  it  in 
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the  form  of  spray,  and  when  such  fine  spray  has  been  once 
entrained  or  carried  up  with  the  steam,  it  does  not  readily 
settle  against  the  rising  current  of  the  new  steam  that  is 
constantly  being  formed.  Steam  has  been  known  to  hold 
16  times  its  own  weight  of  water  in  suspension,  or  to  be 
1,G00  per  cent,  moist;  in  the  usual  practice,  however,  the 
priming  of  steam-boilers  falls  within  the  range  of  from  5  to 
15  per  cent. 

1995.     Gauffe    and    Ab«k>lute   Pressures. — It   has 

been  shown  that  the  pressure  of  the  atmosphere  is  14.7 
pounds  per  square  inch  above  vacuum.  Ordinary  gauges 
register  pressures  above  atmosphere  only.  Thus,  if  the 
steam-gauge  of  a  boiler  shows  80  pounds  pressure,  it  indi- 
cates that  the  pressure  of  the  steam  in  the  boiler  is  80 
pounds  per  square  inch  greater  than  the  pressure  of  the  at- 
mosphere. To  find  the  pressure  of  the  steam  above  vacuum, 
we  must,  therefore,  add  14.7  to  the  gauge-reading;  thus, 
80  +  14.7  =  94.7.  The  pressures  indicated  by  the  gauge  are 
called  gauffe  pressures ;  pressures  above  vacuum  are 
called  absolute  pressures.  To  obtain  the  absolute  pres- 
sure, add  14.7  to  the  gauge  pressure. 


PRESSURE  AND  TEMPERATURB  OF  STEAM. 

1996.  Having  given  the  gauge  pressure  or  the  pres- 
sure above  the  atmosphere  in  a  boiler,  to  determine  the 
temperature  of  the  steam  and  water  within  the  boiler: 

Rule. — To  199  add  H  times  the  square  root  of  the  pres- 
sure.    The  result  will  be  in  Fahrenheit  degrees. 

Let  /  =  temperature  of  steam; 
/  =  gauge  pressure  of  steam. 

Then,  /  =  199  +  14  ^,  (138.) 

Example. — The  pressure  in  a  boiler  is  81  pounds  per  square  inch 
above  the  atmosphere,  as  shown  by  the  steam-gauge ;  what  is  the  tem- 
perature of  the  steam  in  the  boiler  ? 

Solution.—    /  =  199  +  14  ^/Sf  =  325"  Fahrenheit.     Ans. 
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1997«  Having  given  the  temperature  of  the  steam  and 
water  within  a  boiler  in  Fahrenheit  degrees,  to  determine 
the  pressure  within  the  boiler: 

Rule. — Subtract  199  from  the  temperature^  and  divide 
their  difference  by  H,  The  square  of  this  quotient  will  be 
the  pressure  within  the  boiler  in  pounds  per  square  iftch  above 
the  atmosphere  ; 

Example. — The  temperature  of  the  steam  within  a  boiler  is  325*  F. ; 
what  is  the  pressure  in  the  boiler  ? 

(325" 199\' 
TT j  —  81  pounds  per  square  inch  above 

atmospheric  pressure,  or  81  +  14.7  =  95.7  pounds  per  square  inch  above 
a  vacuum.    Ans. 

PROPERTIBS  OF  8TBAM. 

1 998.  The  total  lieat  of  vaporization  is  the  num- 
ber of  heat  units  required  to  change  a  pound  of  water  at 
32°  F.  to  steam  of  the  given  temperature  and  pressure. 

1999.  Having  given  the  temperature  of  the  steam 
within  a  boiler  in  Fahrenheit  degrees,  to  determine  the 
total  heat  of  vaporization  of  1  pound  of  the  saturated  steam 
in  the  boiler  from  water  at  32°  F. : 

Rule. — Add  1,081,  J/,  to  the  product  of  the  given  tempera- 
tureof  the  steam  and  ,305,  The  result  will  be  the  number  of 
British  thermal  units  required  to  convert  1  pound  of  water  at 
82"^  F,  into  1  pound  of  steam  at  tjie  given  temperatures 

Let  //=  total  heat  of  vaporization  in  B.  T.  U. ; 
t  =  temperature  of  steam. 

Then,  //=  1,081.4+ .305  A  (140.) 

Example. — ^What  is  the  total  heat  of  vaporization  of  one  pound  of 
saturated  steam  at  825"  F.  ? 

Solution.—    //=  1,081.4  +  .305  X  325  =  1,180.5  B.  T.  U.    Ans. 

2000.  The  temperature  of  saturated  steam  does 
not  increase  by  equal  increments  for  equal  advances  in 
pressure,  but  rises  in  a  decreasing  ratio.     For  example,  at 
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atmospheric  pressure  an  added  pound  in  the  steam  pressure 
means  a  gain  of  3.6°  F.  in  the  temperature,  while  at  150 
pounds  pressure  per  square  inch,  it  means  but  an  increase 
of  .5**  F.  in  temperature. 

2001*  The  total  heat  of  vaporization  of  steam  in- 
creases but  slowly  with  the  increase  in  the  pressure  and 
temperature,  and  it  takes  but  1.07  times  as  much  heat  to 
produce  a  pound  of  steam  at  485  pounds  per  square  inch 
gauge  pressure  as  it  does  to  produce  a  pound  under  atmos- 
pheric pressure. 

BXPANSION  OF  STBAM. 

2002.  Experiment  has  shown  that  when  a  given  amount 
of  saturated  steam  at  a  given  pressure,  and  enclosed  in  a 
cylinder,  is  allowed  to  expand,  its  absolute  pressure  will 
decrease  very  nearly  inversely  as  its  volume  increases,  and 
that  it  will  very  closely  retain  its  saturated  state,  although 
there  will  be  some  condensation.  In  other  words,  steam  in 
expanding  approximately  follows  Mariotte's  law.  (See 
Art.  852,  Gases  Met  With  in  Mines, ) 

Example. — An  engine  cylinder  contains  1^  cubic  feet  of  steam  at  a 
pressure  of  65.3  pounds  per  square  inch,  gauge.  If  the  steam  expands 
until  the  volume  is  6  cubic  feet,  what  will  be  the  final  gauge  pressure  ? 

Solution. — Initial  absolute  pressure  =  65.3  + 14.7  =  80  pounds  per 
square  inch. 

According  to  Mariotte's  law 

px  = =  20  pounds  per  square  inch,  absolute; 

20—  14.7  =  5.3  pounds  per  square  inch,  gauge.     Ans. 


COMBUSTION  AND  FUELS. 

2003*  Combustion  is  the  r^//V/ chemical  combination 
of  various  substances  with  oxygen^  as  a  result  of  which  heat 
and  light  are  produced. 

2004.  Atmospheric  air  is  the  chief  source  of  supply 
from  which  the  oxygen  used  in  the  combustion  of  fuels  is 
drawn.     It  is  composed  of  a  mixture  of  oxygen  and  nitrogen 
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in  the  proportion  of  1  pound  of  oxygen  to  3.35  pounds  of 
nitrogen;  or,  by  volume,  1  cubic  foot  of  oxygen  to  3.76  cubic 
feet  of  nitrogen.  Therefore,  for  every  pound  of  oxygen 
employed  in  combustion,  4.35  pounds  of  air  must  be  sup- 
plied, or  for  every  cubic  foot  of  oxygen,  4.76  cubic  feet  of 
air  must  be  supplied.  Nitrogen,  however,  takes  no  part  in 
combustion,  and,  whenever  present,  passes  off  as  a  free  gas, 
heated  up  to  the  temperature  of  the  other  gases  with  which 
it  is  mixed. 

The  volume  of  1  pound  of 

Air  at  62''  F.  is 13.14  cubic  feet. 

Oxygen  at  62°  F.  is 11.89  cubic  feet. 

Nitrogen  at  62°  F.  is. . , 13.50  cubic  feet. 

2005*  Fuels  are  those  forms  of  matter  which  are 
chiefly  composed  of  the  combustible  elements,  carbon  and 
hydrogen.  Coal,  coke,  wood,  and  petroleum  are  examples  of 
fuels,  but  of  these,  coal  is  by  far  the  most  generally  used  in 
the  furnaces  of  boilers  for  the  production  of  steam. 

2006.  The  temperature  at  which  a  combustible  element 
or  fuel  takes  fire,  when  brought  into  the  presence  of  oxygen 
or  air,  differs  for  each  substance  considered,  although  it  is  a 
constant  for  any  one  form  of  matter.  For  example,  sodium 
ignites  and  enters  into  chemical  combination  with  the  air  at 
ordinary  temperatures,  while,  in  order  to  light  an  illumina- 
ting gas  jet  with  a  piece  of  heated  iron,  the  iron  would  have 
to  be  heated  to  an  orange  color,  or  a  temperature  of  about 
2,000°  F. 

2007.  Hydrogen,  in  whatever  form  it  may  appear,  will 
always  separate  and  combine  with  oxygen^  when  ignited, 
in  the  proportion  of  1  pound  of  hydrogen  to  ,8  pounds  of 
oxygen  to  produce  steam,  in  which  form  it  will  pass  off  and 
condense  into  9  pounds  of  water;  during  the  time  it  is  being 
completely  burned,  62,032  B.  T.  U.  will  be  generated. 

2008.  The  combustion  of  carbon^  in  like  manner,  is 
always  complete  at  first ;  that  is  to  say,  1  pound  of  carbon 
combines  with  2.66  pounds  of  oxygen  to  form  3.66  pounds 
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of  carbonic  acid  gas ;  but  if  the  supply  of  oxygen  should  be 
insufficient  in  quantity  to  combine  with  all  the  carbon  pres- 
ent, and  at  the  temperature  of  ignition,  the  carbonic  acid 
gas  will  give  up  part  of  its  oxygen,  and  reduce  the  final 
union  of  the  two  elements  to  the  proportion  of  1.33  pounds 
of  oxygen  to  1  pound  of  carbon  to  form  2. 33  pounds  of  car- 
bonic oxide  gas. 

The  complete  combustion  of  1  pound  of  carbon  to  carbonic 
acid  gas  generates  14,500  B.  T.  U.,  but  if  the  combustion 
be  incomplete,  that  is,  if  the  final  product  of  the  combus- 
tion is  carbonic  oxide  gas,  only  4,450  B.  T.  U.  will  be  gen- 
erated. If,  however,  this  carbonic  oxide  gas  should  come 
in  contact  with  more  air,  it  will  immediately  ignite  and 
combine  with  another  1.33  pounds  of  oxygen  to  form  3.66 
pounds  of  carbonic  acid  gas  again,  and  will  regenerate  the 
10,050  B.  T.  U.  which  had  previously  been  lost. 

\  )2009.  In  Table  42  the  more  important  quantities  that 
have  to  be  considered  in  connection  with  combustibles  have 
been  tabulated ;  to  illustrate  the  uses  to  which  the  table  may 
be  put,  we  will  consider  a  short  example. 

Example. — A  furnace  has  a  grate  area  of  36  square  feet,  upon  which 
.453.6  pounds  of  coal  are  burned  per  hour,  under  an  ordinary  chimney 
draft.  How  many  pounds  of  air  must  pass  through  the  grate  per 
minute  to  effect  the  complete  combustion  of  the  coal  ? 

Solution. — Since  453.6  pounds  of  coal  are  burned  per  hour,  453.6  + 
60  =  7.56  pounds  will  be  consumed  per  minute,  and  from  column  8, 
Table  42,  we  find  that  21  pounds  of  air  will  be  required  per  pound  of 
icoal;  therefore,  7.56  X  21=168.76  pounds  of  air  will  have  to  pass  through 
the  grate  per  minute.     Ans. 

Example. — In  the  last  example,  {a)  what  will  be  the  velocity  of  the 
air  through  the  grate,  if  we  assume  its  temperature  just  before  enter- 
ing the  furnace  to  be  62"  F. ;  {b)  what  will  be  the  total  heat  per  hour 
generated  by  the  complete  combustion  of  the  coal ;  (c)  if  no  heat  is 
lost,  what  amount  of  water  will  thisheat  evaporate  from  and  at  212"  F. ? 

Solution. ^rt)  By  referring  to  Art.  2004,  we  find  the  volume  of 
1  pound  of  air  at  62"  F.  to  be  13.14  cubic  feet;  therefore,  the  total 
volume  of  the  air  that  will  pass  through  the  grate  per  minute  will  be 
158.76  X  13.14  =  2,086.1  cubic  feet,  and,  dividing  this  by  the  area  of  the 
grate,  we  get  2,086.1  -t-  36  =  57.95  feet  per  minute  as  the  velocity  of  the 
air  through  the  grate.     Ans. 
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(d)  The  total  heat  of  combustion  of  1  pound  of  coal  is  14,133  B.  T.  U. 
(see  column  5,  Table  42);  therefore,  458.6  X  14,183=6,410,728.8  B.  T.  U. 
will  be  generated  in  the  furnace  per  hour.     Ans. 

(c)  From  column  7  of  Table  42,  we  find  the  equivalent  evaporation 
of  1  pound  of  coal  to  be  14.63  pounds  of  water  from  and  at  212°  F. ; 
therefore,  453.6  pounds  of  coal  would  evaporate  453.6  X  14.63  = 
6,636.168  pounds  of  water  per  hour.    Ans. 


STEAM-BOILERS. 


TYPES  OF  BOILERS. 

2010«  A  Bteam-boller  is  an  apparatus  for  the  pro- 
duction of  steam  under  pressure  by  the  expenditure  of  the 
heat  energy  stored  in  fuel. 

The  general  principles  involved  in  all  the  various  boiler 
designs  are  necessarily  the  same,  although  they  have  assumed 
a  variety  of  different  forms  in  the  effort  on  the  part  of  en- 
gineers to  meet  the  varying  conditions  under  which  boilers 
have  to  be  operated. 

For  this  reason,  it  has  become  necessary  to  classify  them 
by  the  marked  peculiarities  of  construction  which  some  of 
the  more  common  makes  possess,  and  we  will,  therefore,  take 
up  their  discussion  along  the  natural  line  of  their  develop- 
ment, and  under  the  following  heads  :  (1)  Plain  Cylindri- 
cal Boilers ;  (2)  Flue-Boilers ;  (3)  Tubular  Boilers ;  (4)  Water- 
Tube  Boilers. 

PLAIBI   CYLINDRICAL    BOILBR8. 

2011«  A  plain  cylindrical  boiler  is  simply  a  long  hollow 
cylinder  made  of  wrought-iron  or  steel  plates  riveted  to- 
gether, after  having  been  bent  into  the  required  shape.  It 
is  usually  fitted  with  fiat  cast-iron  heads,  as  shown  in  Figs. 
649  and  650,  although  in  some  cases  the  heads  are  made  hem- 
ispherical or  "  egg  "  ended,  since  this  form  offers  the  greatest 
possible  resistance  to  bursting. 

When  such  a  boiler  is  in  operation,  the  iron  cylinder  or 
shell,  should  be  kept  about  two-thirds  full  of  water,  and  that 
this  may  be  done,  a  feed-water  pipe  N,  leading  into  the  boiler 
below  the  water-line  V^  Figs.  649  and  651,  must  be  provided. 


STEAM   AND   STEAM-BOILERS.  §18 

By  means  of  this  pipe, 
water  can  be  forced 
into  the  boiler  from 
time  to  time  to  sup- 
ply the  place  of  that 
which  is  evaporated 
into  steam. 

In  order  to  be  able 
to  tell  when  the 
water  in  the  boiler 
has  reached  its 
proper  level,  three 
•water-cocks  C,  C„  f, 
are  placed  one  above 
the  other,  usually 
on  the  head  of  the 
boiler,  where  they 
will  be  handy  to 
I  get  at;  they  are  so 
g  arranged  that  the 
'■  middle  one  will  come 
in  line  with  the  water- 
line  V,  Fig.  C51,  while 
the  upper  one  enters 
the  steam-space  S, 
and  the  lower  one 
the  water-space  IK 
When,  therefore,  the 
water  is  at  its  proper 
level,  and  the  cocks 
are  opened,  steam 
should  come  out  of 
the  upper  one,  a  mix- 
ture of  steam  and 
water  out  of  the 
middle  one,  and  pure 
water  out  of  the 
lower  one. 
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2012.  The  device  at  .(4  is  a  safety-valve,  a  sectional  view 
of  which  is  given  in  Fig.  652.  The  nozzle  at  S  communi- 
cates directly  with  the  boiler,  and  the  steam  has  a  free  pas- 
sage through  which  to  flow  past  the  valve  V  to  the  steam-pipe, 
bolted  on  to  the  nozzle  O.  When,  however,the  steam  in 
the  boiler  rises  above  the  pressure  the  boiler  is  to  carry,  the 
valve  f'is  lifted  from  its  seat  against  the  resistance  offered 
by  the  lever  L  and  weight  W,  through  the  stem  /'  and  the 
steam  is  permitted  to  escape  outside  through  the  relief  orifice 


Pta.  mx  pio.  esi. 

at  R,  until  the  pressure  falls  to  its  normal  value.  The  pipe 
<r,  Fig,  649,  is  attached  to  this  orifice  to  conduct  the  steam 
away  as  it  escapes  from  the  safety-valve. 

The  same  explanation  describes  the  second  safety-valve 
shown  in  Fig.  053,  which  differs  from  the  first  one  only  in 
n6t  having  the  additional  nozzle  for  connecting  the  steam- 
pipe.  Therefore,  when  this  form  of  safety-valve  is  used,  the 
steam  must  be  led  from  the  boiler  through  a  pipe  connected 
at  some  other  point. 

2013.  The  steam-gauge  B,  Fig.  650,  is  an  instrument 
having  a  circular  face  and  a  pointer  to  indicate  the  pressure 
in  pounds  per  square  inch  in  a  boiler.  It  should  in  all  cases 
be  mounted  on  every  boiler,  as  it  enables  the  engineer  to  see 
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at  a  glance  whether  the  boiler  is  generating  a  greater  or  less 
amount  of  steam  than  the  circumstances  require.  The  gauge 
is  connected  to  the  boiler  by  a  pipe. 

2014.     In  generating  the  heat  for  the  evaporation  of 


the  water  in  these  boilers,  they  are  always  externally  fired; 
that  is  to  say,  the  furnace,  which  is  made  chiefly  of  brick- 
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work,  is  built  up  under  one  end  of  the  shell,  and  is  also 
made  to  form  a  part  of  the  masonry  enclosing  the  whole 
boiler  to  prevent  the  heat  from  radiating 

2015«  When  the  boiler  is  in  operation,  the  fuel  which 
is  thrown  in  through  the  furnace-door  J  ignites  and  burns 
on  the  furnace-grate  E^  Fig.  649.  The  furnace-grate  is 
frequently  made  up  of  parallel  layers  of  cast-iron  grate-bars 
placed  a  short  distance  apart,  which  rest  on  iron  supports 
placed  in  the  masonry.  There  are,  however,  a  great  many 
different  designs  of  grate-bars  in  use,  both  of  the  stationary 
as  well  as  of  the  rocking  types.  In  Fig.  654  is  shown  one 
of  this  latter  kind,  known  as  the  McClave  Rocking  Grate. 
The  grate-bars  e^  e^  e^  made  in  the  form  of  very  deep  T's, 
are  pivoted  at  both  ends,  and  when  the  lever  /  is  worked 
backwards  and  forwards,  the  rod  r,  being  connected  with 
/  at  ;//,  and  also  with  ^,  e^  e  at  «,  «,  «,  transmits  the 
motion  of  the  lever  to  the  grate-bars,  and  causes  them 
to  rock  backwards  and  forwards  about  their  centers  of 
rotation  r,  c. 

By  means  of  these  rocking  grates,  fires  can  be  cleaned  or 
shaken  down  without  opening  the  furnace-doors — a  very 
desirable  feature,  since,  whenever  these  doors  are  opened, 
the  volume  of  cold  air  that  rushes  in  over  the  grate  tends 
to  chill  the  fire  and  lower  the  temperature  of  the  furnace. 

2016.  Returning  again  to  Figs.  649  and  651,  the  ashes 
of  the  burning  fuel  fall  through  these  grate-bars  into  the 
ash-pit  D^  and  are  removed  through  the  door  Z^  while  the 
hot  gases  generated  by  the  burning  coal  pass  upwards 
through  the  combustion-chamber  F^  and  are  led  in  close 
contact  with  the  shell  over  the  bridge-walls  C,  G\  and 
through  the  flue-passages  //,  //  to  the  smokestack  K.  The 
ashes  U  placed  beneath  the  boiler  are  for  the  purpose  of 
bringing  the  heated  gases  in  contact  with  the  bottom  of  the 
boiler. 

In  order  to  provide  for  the  proper  cleaning  of  the  whole 
structure,  a  blow-off  pipe  y)/,  through  which  the  wa*  ?r  may 
be  drained  off,  is  led  from  the  boiler,  and   a   manhole  O, 
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Pig.  650,  closed  with  a  manhole  plate,  yoke,  and  bolt,  as 
shown,  makes  it  possible  for  the  fireman  to  remove  the  sed- 
iment and  coating  which  from  time  to  time  are  deposited  in 
the  shell  by  the  evaporating  water.  Doors  opening  into  the 
flues,  etc.,  through  the  brickwork  below  the  boiler  also 
facilitate  this  cleaning  process. 

2017.  Various  means  are  employed  for  "setting"  or 
supporting  boilers  in  position.  Care  must  be  taken  to  so 
arrange  the  supports  that  the  boiler-shell  will  be  free  to 
expand  and  contract  with  the  changes  of  temperature. 

In  Figs.  649  to  651,  the  boiler  is  hung  from  wrought-iron 
channel-beams  /,  which  rest  upon  the  enclosing  masonry 
work,  and,  whenever  the  plates  expand  or  contract,  the 
boiler  swings  a  little  on  the  hooks,  one  way  or  the  other. 

To  add  rigidity  to  the  brick  walls,  buckstaves  Z,  L  are 
provided,  which  are  bolted  or  keyed  together  above  and 
below  the  boiler  by  long  rods. 

201 8.  In  these  boilers,  as  well  as  in  all  others,  the  fur- 
nace gases,  when  in  their  highly  heated  state,  should  be 
kept  from  coming  in  contact  with  those  metal  parts  of  the 
boiler  which  lie  above  the  water-line  F,  since  they  tend,  by 
overheating  the  metal,  to  cause  a  blistering  of  the  plates 
and  a  burning  off  of  the  rivet-heads,  that  in  time  would 
produce  serious  leaks,  if  not  an  explosion.  To  prevent  this, 
the  masonry  is  made  to  abut  against  the  boiler-shell  just 
below  the  water-line,  as  seen  in  Fig.  651,  and  is  frequently 
arched  completely  over  the  shell  as  well,  for  the  purpose  of 
diminishing  the  heat  radiation  from  the  metal  parts  of  the 
boiler.  All  the  masonry  with  which  the  flame  does  not 
come  in  contact  is  generally  made  of  ordinary  red  brick  or 
stone,  while  that  with  which  the  flame  does  come  in  con- 
tact is  made  of  firebrick. 

2019.  The  draft  or  rapidity  with  which  the  airflows 
through  the  grate  of  a  boiler,  for  the  purpose  of  supplying 
the  fuel  with  a  sufficient  quantity  of  oxygen  to  insure  its 
complete  combustion,   is  usually  produced  by  the  chimney 
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or  smokestack,  although  it  is  frequently  increased  and  made 
more  efficient  by  connecting  a  blower  with  the  ash-pit  D. 

There  are  a  great  many  different  kinds  of  these  blowers, 
but  the  simplest  and  the  one  best  adapted  for  boiler  work 
is  that  represented  in  Figs.  649  to  651,  at  X.  It  consists 
simply  of  a  long  metal  cylinder  into  which  a  jet  of  steam  is 
led  from  the  boiler  by  a  J-inch  pipe. 

The  steam,  as  it  rushes  through  the  pipe  Y  into  the 
blower  with  great  velocity,  draws  the  air  along  with  it,  and 
the  cylinder,  by  giving  the  blast  the  proper  direction,  causes 
it  to  impinge  on  the  grate-bars  E  ;  thus  a  rapid  and  com- 
plete combustion  of  the  coal  is  produced. 

2020.  Plain  cylindrical  boilers  are  little  used  at  the 
present  day,  except  in  mining  districts  and  other  localities 
where  fuel  is  very  cheap,  for  they  have  so  small  a  water- 
heating  area,  in  proportion  to  the  amount  of  water  they 
contain,  and  the  volume  of  gas  given  off  from  their  furnaces, 
that  they  are  very  wasteful  of  heat  energy.  They  are  made 
from  28  to  50  inches  in  diameter,  and  from  20  to  60,  and 
even  100,  feet  in  length.  This  great  length  is  given  to 
increase  the  water-heating  area. 


FLUB-BOILBRS. 

2021.  The  flue-boiler  represents  a  type  in  which  an 
increased  water-heating  area  is  obtained  by  the  introduction 
of  one  or  two  large  flue-pipes  within  the  boiler-shell,  below 
the  water-line.  In  Figs,  ^hh  to  657  is  shown  an  externally 
fired  flue-boiler^  or  one  in  which  the  heated  gases,  after  pass- 
ing from  the  furnace,  over  the  bridge-walls,  and  along  in 
contact  with  the  lower  surface  of  the  boiler  till  the  space  H 
is  reached,  are  made  to  return  through  one  or  two  large 
flues  A^A^  Fig.  657,  fitted  within  the  cylinder  below  the 
water-line. 

From  these  flues  the  gases  enter  the  smokebox  B^  and 
flow  from  there  directly  into  the  smokestack  C  The 
arrangement  of  the  masonry  and  the  **  setting  "  of  the  boiler- 
shell,  in  this  instance,  follows  the  construction  of  Figs. 
649  to  651  so  closely  that  no  further  explanation  need  be 
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given,  other 
than  to  call  atten- 
tion to  the  feed- 
.  pipe  at  N,  the 
blow-off  pipe  at  M, 
the  steam-gauge 
at  K,  the  gauge- 
cocks  on  the  col- 
umn L,  and  the 
steam -do  me  placed 
above  the  boiler 
at  D.  The  steam- 
gauge  and  the 
gauge- cocks  com- 
municate with  the 
boiler  through  the 
pipes  s  and  /, 
the  former  passing 
s  i  n  t  o  t  h  e  steam- 
£  space  and  the  lat- 
ter into  the  water, 

2022.  There 
is  generally  a 
steam-dome  on 
every  boiler, which 
serves  as  a  cham- 
ber in  which  the 
steam  collects  and 
is  dried  or  relieved 
of  a  portion  of  its 
entrained  water 
before  passing  to 
the  engine.  The 
hole  in  the  shell  of 
the  boiler,  over 
which  the  steam- 
dome    is    riveted, 
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should  not  be  made  larger  than  is  sufficient  to  permit  the 
free  passage  of  the  steam.  Anything  greater  than  this 
only  weakens  the  shell,  without  adding  to  the  utility  of  the 
dome. 

To  facilitate  the  cleaning  of  the  flues  and  boiler,  a  door 
is  provided  in  the  smokebox  at  E,  and  a  manhole  in  the 
shell  at  F.  A  door  should  also  be  made  in  the  masonry 
work  to  enable  the  fireman  to  get  at  the  external  flues  of 


the  structure.  Access  is  given  to  the  rear  end  of  the  shell 
and  to  the  pipes  J/ and  iV" through  the  door  P.  The  cast-iron 
plate  R  supports  the  brickwork  over  the  space  H.  The 
furnace  of  this  boiler  is  supplied  with  the  same  form  of 
steam-jet  blower  X  as  that  described  in  connection  with 
Fig.  649. 

2023.  In  Fig.  058  a  design  of  zs\.ittternally  fired  flue- 
boiler  is  shown. 

In  this  type,  the  furnace  is  entirely  surrounded  by  water, 
and  the  bridge-wall  D,  the  grate  C,  and  the  ash-pit  P  are 
placed  within  the  flue.  If  these  flues  (only  one  of  which  is 
shown  in  the  figure)  are  corrugated,  their  capacity  for  resist- 
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ing  externa!  pressure  is  greatly  increased  over  that  of  the 
plain  flue;  they  are,  consequently,  much  less  liable  to 
collapse  or  to  be  pushed  in.  Above  the  flue,  and  sur- 
rounded by  water,  are  a  large  number  of  tubes  leading 
from  the  chamber  E  through  the  shell  to  the  smokebox  F, 
which  are  provided  to  convey  the  heated  furnace  gases  a 
second  time  through  the  water  after  they  have  traversed 
the  corrugated  flue. 

The  tubes  B,  besides  greatly  increasing  the  heating  sur- 
face of  the  boiler,  combine  with  the  flue  and  stayrods  G  to 


increase  the  strength  of  the  boiler-heads,  since  when  the 
boiler  is  in  operation  the  internal  pressure  puts  them  under 
a  tensional  strain.  Further  stiffness  is  given  to  the  boiler 
by  riveting  a  number  of  plates//,  f I  {c3.\\gA  gusset-stays) 
around  the  head  and  inner  surface  of  the  shell. 

To  facilitate  the  inspection  and  cleaning  of  the  interior  of 
the  shell,  a  cast-iron  manhole  /,  closed  by  a  bolted  cover,  is 
riveted  on  the  upper  surface  of  the  boiler,  and  for  cleaning 
the  tubes  B  a  door  is  provided  to  the  smokebox  F.  The 
smokestack  is  led  from  the  opening  in  the  top  of  the  smoke- 
box F, 

The  setting  of  this  boiler  is  somewhat  different  from  those 
previously  considered.  The  masonry  is  simply  built  up  to 
prevent  heat  radiation,  and  to  insure  the  flow  of  the  furnace 
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gases  through  the  return  tubes  ^of  the  boiler.  The  curved 
beams  0,  O,  O  support  the  boiler. 

The  steam-gauge  and  water-cocks  are  not  shown  in  this 
figure.  The  safety-valve  should  be  bolted  on  at  A",  and  the 
blow-off  pipe  at  L.  The  feed-pipe  J  leads  into  the  steam- 
space,  and  discharges  below  the  tubes  B.  The  Steam  supply 
is  drawn  from  the  nozzle  M,  through  the  pipe  N.  The  pipe 
A'' is  made  to  take  the  place  of  a  steam-dome,  since  the  steam, 
in  passing  through  the  small  holes  of  the  pipe,  is  freed  from 
the  greater  part  of  its  entrained  water. 

Flue-boilers,  when  properly  designed  and  constructed, 
give  very  good  working  results,  and  have  given  good  satis- 
faction among  English  engineers.  In  America,  they  are 
not  so  popular  as  some  of  the  other  makes,  although  they  are 
found  in  operation  at  a  number  of  plants. 


TUBULAR  BOILERS. 

2024.  Tubular  boilers,  as  in  the  case  of  flue-boilers, 
may  be  divided  into  two  classes,  the  internally  fired  zx\A  ex- 
ternally fired.     The  internally  fired  boiler  shown  in  Fig.  659 


is  called  the  fire-box  or  locomotive  boiler.  This  type 
of  boiler,  next  to  the  multitubular  boiler,  is  probably  more 
used  than  any  other  type.  It  is  used  exclusively  in  railway 
service,  and  also  largely  as  a  stationary  boiler.     A  large  pro 
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portion  of  the  small  portable  combined  engines  and  boilers 
used  for  agricultural  purposes  have  the  fire-box  type  of  boil- 
er. The  general  construction  of  this  type  of  boiler  is  shown 
in  Fig.  659.  The  shell  is  composed  of  two  differently 
shaped  parts  riveted  together.  The  front  part  of  the  shell 
is  cylindrical ;  the  rear  part  is  usually  of  a  rectangular  cross- 
section  with  vertical  sides,  or  of  a  trapezoidal  section  with 
inclined  sides;  in  either  case,  the  top  is  semicylindrical. 
The  furnace  J^is  a.  box  of  the  same  shape  as  the  rear  end  of 
the  shell  in  which  it  is  placed.  There  is  a  space  left  between 
the  sides  and  end  of  the  furnace  and  the  shell ;  this  space  is 
filled  with  water,  as  shown  Sit  Ay  A,  A  series  of  tubes  ex- 
tend from  the  front  sheet  of  the  furnace  or  fire-box  to  the 
front  head  of  the  shell.  The  shell  is  prolonged  beyond 
the  front  head,  forming  a  smokebox  B,  into  which  opens 
the  stack  C. 

As  shown  in  this  figure,  the  water-legs  (as  the  spaces  A^ 
A  are  called)  only  extend  down  as  far  as  the  grate,  the  ash- 
pit D  being  formed  in  the  brick-setting.  In  many  boilers  of 
this  type,  the  water-legs  extend  down  to  the  bottom  of  the 
ash-pit,  and  sometimes  there  is  a  water-space  below  the  ash- 
pit ;  that  is,  the  furnace  and  ash-pit  are  entirely  surrounded 
by  water. 

The  boiler  is  supported  at  the  front  end  by  the  cast-iron 
cradle  E  resting  upon  the  masonry  foundation  C  The 
rear  end  is  supported  upon  a  brick  wall,  which  also  forms  the 
ash-pit.  The  boiler  is  usually  provided  with  a  dome  H^  from 
which  is  led  the  main  steam-pipe,  which  is  bolted  on  at  K, 
In  the  figure,  the  dome  is  provided  with  a  manhole  Z.  The 
feed-water  may  be  introduced  at  any  convenient  point  in  the 
shell.  The  pressure-gauge,  water-glass,  and  gauge-cocks 
are  attached  to  the  column  3/,  which  is  placed  in  communi- 
cation with  the  interior  of  the  shell.  The  furnace  and  ash- 
pit doors  are  shown  at  N  and  O^  respectively.  The  safety- 
valve  is  usually  attached  to  the  dome. 

Since  the  flat  sides  of  the  furnace  and  shell  are  liable  to 
bulge  on  account  of  the  pressure,  they  must  be  braced  or 
stayed      This  is  accomplished  by  the  staybolts  5,  S,      The 
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flat  top  of  the  fire-box  is  strengthened  by  a  series  of  parallel 
girders  P,  P.  As  an  additional  security,  the  girdtirs  are 
sometimes  attached  to  the  shell  by  the  "  sling-stays  "  R,  R. 

The  gases  of  combustion  pass  directly  from  the  furnace 
through  the  tubes  T,  T,  to  the  smokebox  J3,  and  out  of  the 
stack  C.  In  railway  locomotives,  a  strong  draft  is  obtained 
by  allowing  the  exhaust  steam  to  discharge  through  the 
smokestack.  The  escaping  steam  carries  along  the  air  and 
the  escaping  gases  in  the  smokebox  B,  thereby  drawing  a 
new  supply  of  gases  through  the  tubes  T,  T,  and  a  supply 
of  air  through  the  grate. 

The  tubes  of  the  locomotive  boiler  are  about  12  feet  long, 
two  inches  in  diameter,  and  made  of  iron  or  steel.  The  tubes 
of  stationary  and  portable  boilers  of  this  type  are  generally 
of  larger  diameter,  as  there  is  less  demand  for  great  quanti- 
ties of  steam.  The  locomotive  type  of  boiler  is  self-con- 
tained ;  that  is,  it  requires  no  brickwork  for  flues  or  for 
setting. 

2025.  Tbe  Returo-Tubular  Boiler. — This  type  of 
boiler  is  a  development  of  the  flue-boiler,  the  two  large  flues 
of  the  latter  being  replaced  by  a  large  number  of  small 


tubes.     The  object  of  introducing  the  numerous  tubes  is  to 
increase  the  heating  surface  of  the  boiler. 

A  side  view  of  a  tubular  boiler  is  shown  in  Fig.   600;   a 
cross-section  through  the  tubes  is  shown  in  Fig.  OGl.      The 
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tubes   extend   the   whole   length  of  the  shell;  the  ends  are 
beaded  into  holes  in  the  heads  of  the  boiler.     The  front  end 
of   the  shell  projects  beyond  the  head, 
forming    the    smokebox    B,  into  which 
opens  the  stack  C. 

The  shell  is  suspended  on  the  side 
walls  by  the  brackets  A,  A,  which  are 
riveted  to  the  shell.  The  boiler  is  usual- 
ly provided  with  a  dome  D,  though  this 
is  sometimes  left  off.  The  walls  are 
built  and  supported  by  buckstaves  in 
practically  the  same  manner  as  those 
previously  described.      Since  this  type  of  Pio-  era. 

boiler  is  generally  short,  one  bridge  only  is  used.  Firebrick 
is  used  for  all  parts  of  the  wall  exposed  to  the  fire  or  heated 
gases.  The  fittings  are  not  shown  in  the  figure.  The  safety- 
valve  would  be  placed  on  top  of  the  dome,  and  the  pressure- 
gauge  and  gauge-cocks  would  be  placed  on  the  front. 
The  manhole  is  either  in  one  of  the  heads  or  on  top  of  the 
shell.  The  feed-pipe  may  enter  the  front  head  or  the  top, 
while  the  blow-off  pipe  is  placed  at  the  bottom  of  the  shell, 
at  the  rear  end.  Access  is  given  to  the  rear  end  of  the  boil- 
er through  the  door  E. 

As  usual,  the  furnace  F  is  placed  under  the  front  end  of 
the  boiler.  The  gases  pass  over  the  bridge,  along  under  the 
boiler  into  the  chamber  H,  then  back  through  the  tubes  to 
the  smokebox  B,  and  out  of  the  stack  C. 

The  ret  urn- tubular  boiler  is  probably  more  used  in  the 
United  States  than  any  other.  The  details  of  its  construc- 
tion and  setting  will  be  shown  later. 

2026.     The  Vertical  Boiler. — This  type  is  essentially 

a  modification  of  the  locomotive  type  placed  on  end.  A  com- 
mon form  of  vertical  boiler  is  shown  in  Fig.  6C2.  It  con- 
sists of  a  vertical  cylindrical  shell,  in  the  lower  end  of  which 
is  placed  a  fire-box  F.  The  lower  rim  of  the  fire-box  and  the 
lower  end  of  the  shell  are  separated  by  a  wrought-iron 
ring  k,  to  which  both  are  riveted,  the  rivets  going  through 
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both  plates  and  ring.  The  shell  and  fire-box  are  also  stayed 
together  by  the  staybolts  a,  a.  The  space  between  the 
two  is  filled  with  water,  so  that  the  fire-box  is  nearly  sur- 
rounded by  it.  The  boiler- 
shell,  and  likewise  the  grate  £, 
rest  upon  a  cast-iron  base  D 
which  forms  the  ash-pit.  A 
series  of  vertical  tubes  /,  /  ex- 
tend from  the  top  sheet  of  the 
fire-box  to  the  upper  head  of  the 
shell.  The  tubes  serve  as  stay- 
rods  and  strengthen  the  flat 
surfaces  which  they  connect. 
The  upper  ends  of  the  tubes 
open  directly  into  the  chim- 
ney or  smokestack  A".  The 
gases  from  the  furnace  thus 
pass  directly  through  the  tubes 
and  out  of  the  stack. 

The  safety-valve  is  shown  at 
//,  with  the  main  steam-pipe 
G  leading  from  it.  The  pres- 
sure-gauge P  and  gauge-cocks 
c,  (",  f  are  attached  to  a  column 
L,  which  communicates  in  the 
usual  manner  with  the  interior 
of  the  shell.  The  construction 
of  this  type  of  boiler  does  not 
'"'  generally    permit    the    use    of 

manholes,  but  handholes  //,  M  are   placed  in   convenient 
positions  for  cleaning  out  mud  and  sediment. 

The  boiler  is  fed  through  the  feed-pipe  A',  which  is  con- 
nected to  a  pump  or  injector. 

When  the  tubes  extend  through  to  the  upper  head  of  the 
boiler,  as  shown  in  Fig.  COS,  their  upper  ends  pass  through 
the  steam-space  6"  above  the  water-line  V  V.  This  is  con- 
sidered to  be  a  bad  feature,   since  the  tubes  are  liable  to 
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become  overheated  and  to  collapse,  when  the  boiler  is 
subject  to  rapid  firing. 

In  the  form  of  vertical  boiler  shown  in  Fig.  G63,  this  dan- 
ger is  avoided.  A  chamber  or 
smokebox /extends  down  from 
the  upper  head  of  the  shell  so 
that  its  bottom  plate  is  always 
below  the  water-line.  The  up- 
per ends  of  the  tubes  t,  t  are 
expanded  into  the  lower  plate 
of  this  chamber,  and,  therefore, 
the  tubes  are  always  surrounded 
by  water  from  end  to  end,  A 
vertical  boiler  constructed  in 
this  manner  is  said  to  have  a 
submerged  head.  Aside  from 
the  submerged  head,  the  con- 
struction of  the  boiler  of  Fig. 
663  is  similar  to  that  of  Fig.  C62. 

Vertical  boilers  are  gener- 
ally wasteful  of  fuel;  they  arc, 
however,  self-contained,  re- 
quire but  little  floor  space,  and 
are  easy  to  construct  and  re- 
pair. For  these  reasons,  the 
vertical  type  of  boiler  is  very 
popular  with  a  large  class  of 
steam-users.  ^^ 

WATBR-TtJBE  BOILERS. 

2027.    The  Babcock  nod  W^llcox  water-tube  boiler 

is  shown  in  Fig.  CC4.  It  consists  essentially  of  a  main  hor- 
izontal drum  .5  and  of  a  series  of  inclined  tubes  T,  T.  (Only 
a  single  vertical  row  of  tubes  is  shown  by  the  figure,  but  it 
will  be  understood  that  each  nest  of  tubes  is  composed  of 
several  vertical  rows. )  There  are  usually  7  or  8  of  these 
vertical  rows  to  each  horizontal  drum.  The  front  ends  of 
the  tubes  of  a  vertical  row  are  all  expanded  into  a  hollow  iron 
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casting^  H  called  a  header.     The  rear  ends  are  expanded 

into  a  similar  header,  and  the  front  and  rear  headers  are 
placed  in  communication  with  the  drum  by  tubes,  or  risers,  C 
and  C,  respectively.  In  front  of  each  tube,  a  handhole  is 
placed  in  the  header  for  the  purpose  of  cleaning,  inspecting, 
or  removing  the  tubes. 

The  method  of  supporting  the  boiler  is  not  shown  in  the 
figure.  The  usual  method  is  to  hang  the  boiler  from 
wrought-iron  girders  resting  on  vertical  iron  columns.    The 


brickwork  setting  is  not  depended  upon  as  a  means  of  sup- 
port. This  make  of  boiler,  in  common  with  all  others  of  the 
water-tube  type,  requires  a  brickwork  setting  to  confine  the 
furnace  gases  to  their  proper  field. 

The  furnace  is  of  the  usual  form,  and  is  placed  under  the 
front  end  of  the  nest  of  tubes.  The  bridge-wall  G  is  built- 
in  contact  with  the  tubes;  another  firebrick  wall  K  is  built 
between  the  tubes  and  drum.  These  walls  and  the  baffle- 
plates  S,  S  force  the  hot  furnace  gases  to  follow  a  zigzag 
path  back  and  forth  through  the  tubes.  The  gases  finally 
pass  through  the  opening  A  in  the  rear  of  the  wall,  into  the 
chimney-flue. 

The  feed-water  is  introduced  through  the  feed-pipe  E. 
The  steam  is  collected  in  the  dry-pipe  F,  which  terminates 
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in  the  nozzles  M  and  N^  to  one  of  which  is  attached  the 
main  steam-pipe,  and  to  the  other  the  safety-valve. 

The  pressure-gauge,  cocks,  etc.,  are  attached  to  the  col- 
umn, which  communicates  with  the  interior  of  the  shell  by 
the  small  pipes  u  and  v^  the  former  of  which  extends  into 
the  dry-pipe,  the  latter  into  the  water. 

At  the  bottom  of  the  rear  row  of  headers  is  placed  the 
mud-drum  D,  Since  this  drum  is  the  lowest  point  of  the 
water-space,  most  of  the  sediment  naturally  collects  there. 
This  sediment  may  be  blown  out  from  time  to  time  through 
the  blow-out  pipe  P,  The  drum  D  is  provided  with  a  hand- 
hole  (2»  2ind  a  manhole  R  is  placed  in  the  front  head  of  the 
drum  B,  The  heads  of  the  drums  are  of  hemispherical  form, 
and,  therefore,  do  not  require  bracing.  Access  may  be  had 
to  the  space  within  the  walls  through  the  doors  /  and  J. 

The  circulation  of  water  takes  place  as  follows :  The  cold 
water  is  introduced  into  the  rear  of  the  boiler;  the  furnace 
being  under  the  higher  end  of  the  tubes,  the  water  in  that 
end  expands  upon  being  heated,  and  is  also  partially 
changed  to  steam ;  hence,  a  column  of  mingled  water  and 
steam  rises  through  the  front  headers  to  the  front  end  of 
the  drum  B^  where  the  steam  escapes  from  the  surface  of  the 
water.  In  the  meantime,  the  cold  water  fed  into  the  rear 
of  the  drum  descends  to  the  rear  headers  through  the  tubes 
C ^  to  take  the  place  of  the  water  which  has  risen  in  front. 
Thus,  there  is  a  continuous  circulation  in  one  direction, 
sweeping  the  steam  to  the  surface  as  fast  as  it  is  formed, 
and  supplying  its  place  with  cold  water.  Most  of  the  sedi- 
ment sinks  to  the  mud-drum  D^  from  which  it  is  blown  out 
from  time  to  time. 

2028*  The  Heine  ^water-tube  boiler  is  shown  in 
Fig.  665.  It  differs  in  many  respects  from  those  already 
described.  It  consists  of  a  large  main  drum  Ay  which  is 
above  and  parallel  with  the  nest  of  tubes  7",  T,  Both  drum 
and  tubes  are  inclined  at  a  small  angle  with  the  horizontal, 
so  that  the  water-level  is  about  \  the  height  of  the  drum  in 
front  and  about  f  the  height  in  the  rear.     The  ends  of  the 
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tubes  are  expanded  into  the  large  wrought-iron  water-legs 
B,  B.  These  legs  are  flanged  and  riveted  to  the  shell.  The 
shell  is  cut  out  for  about  J  the  circumference  to  receive  the 
water-legs,  the  opening  being  from  GO  to  90  per  cent,  of  the 
cross-sectional  area  of  the  tubes.  The  drum-heads  are  of  a 
hemispherical  form,  and,  therefore,  do  not  need  bracing. 
The  water-legs  form  the  natural  support  of  the  boiler 


The  front  water-leg  is  placed  on  a  pair  of  cast-iron  columns 
E  which  form  part  of  the  front  of  the  boiler.  The  rear  water- 
leg  rests  on  rollers  (shown  at  F)  which  may  move  freely  on 
a  cast-iron  plate  bedded  in  the  rear  wall.  The  rollers  allow 
the  boiler  to  expand  when  heated. 

The  boiler  is  enclosed  by  a  brickwork  setting  in  the  usual 
manner. ,  The  bridge  G  is  made  largely  of  firebrick.  It  is 
made  hollow,  aad  has  openings  in  the  rear  to  allow  air  to  pass 
into  the  chamber  P  and  mix  with  the  furnace  gases.  The  air 
is  drawn  from  the  outside  through  the  channel  Q  in  the  side 
wall.  The  air  is,  of  course,  heated  in  passing  through  the 
bridge.     In  the  rear  wall  is  the  arched  opening  0,  which  is 
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closed  by  a  door,  and  further  protected  by  a  thin  wall  of 
firebrick.  When  it  is  necessary  to  enter  the  chamber  P^  the 
wall  may  be  removed  and  afterwards  replaced. 

The  feed-water  is  brought  in  through  the  feed-pipe  iV, 
which  passes  through  the  front  head.  As  the  water  enters, 
it  flows  into  the  mud-drum  Z>,  which  is  suspended  in  the 
main  drum  below  the  water-line,  and  is  thus  completely  sub- 
merged in  the  hottest  water  in  the  boiler.  This  high  tem- 
perature is  useful  in  precipitating  the  impurities  contained 
in  the  feed-water.  These  impurities  settle  in  the  mud-drum 
Dy  and  may  then  be  blown  out  through  the  blow-out  pipe  J/. 

Layers  of  firebrick  H^  H  are  laid  at  intervals  along  the 
rows  of  tubes,  which  act  as  baffle-plates,  and  force  the  fur- 
nace gases  to  pass  back  and  forth  through  the  tubes.  The 
gases  finally  escape  through  the  chimney  R  placed  above  the 
rear  end  of  the  boiler.  To  protect  the  steam-spaces  of 
the  drum  from  the  action  of  the  hot  gases,  the  drum  in  the 
vicinity  of  the  chimney  is  protected  by  firebrick,  as  shown 
in  the  figure. 

The  steam  is  collected  and  freed  from  water  by  the  per- 
forated dry-pipe  K,  The  main  steam-pipe  with  its  stop- 
valve  is  shown  at  X^  the  safety-valve  at  Z,  In  order  to 
prevent  a  combined  spray  of  mixed  water  and  steam  from 
spurting  up  from  the  front  header  and  entering  the  dry- 
pipe,  a  deflecting  plate  L  is  placed  in  the  front  end  of  the 
drum. 

A  manhole  Y  is  placed  in  the  rear  head  of  the  drum. 
The  flat  sides  of  the  water-legs,  which  are  made  hollow  to 
give  access  to  the  outside  of  the  tubes,  are  stayed  together 
by  the  staybolts  5,  S,  In  front  of  each  tube,  a  handhole  C 
is  placed  to  give  access  to  the  interior  of  the  tubes. 

Where  a  battery  of  several  of  these  boilers  is  used,  an 
additional  steam-drum  is  placed  above  and  at  right  angles 
to  the  drums  A,  A. 

2029.  The  Stirling:  boiler,  shown  in  Fig.  666,  is  a 
departure  from  the  regular  type  of  water-tube  boilers.  It 
consists  of  a  lower  drum  A,  connected  with  three  upper 
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drums  B,  B,  B  by  three  sets  of  nearly  vertical  tubes.  These 
upper  drums  are  in  communication  through  the  curved 
tubes  C,  C,  C.  The  curved  forms  of  the  different  sets  of 
tubes  allow  the  diiferent  parts  of  the  boiler  to  expand  and 
contract  freely  without  strain. 

The  boiler  is  enclosed  in  a  brickwork  setting,  as  shown. 


Pig.  km. 

The  setting  is  built  with  various  holes  H,  H,  so  that  the 
interior  may  be  inspected  or  repaired. 

The  boiler  is  suspended  from  a  framework  of  wrought-iron 
girders,  not  shown  in  the  figure. 

The  bridge  }i  is  lined  with  firebrick,  and  is  built  in  con- 
tact with  the  lower  drum  A  and  the  front  nest  of  vertical 
tubes.     An  arch  D  is  built  above  the  furnace,  and  this,  in 
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connection  with  the  bafflers  /%  /%  directs  the  course  of  the 
heated  gases,  causing  them  to  pass  up  and  down  through 
the  tubes.     The  arch  and  bafflers  are  made  of  firebrick. 

The  cold  feed-water  enters  the  rear  upper  drum  and 
descends  through  the  rear  nest  of  tubes  to  the  drum  A^ 
which  acts  as  a  mud-drum,  and  collects  the  sediment 
brought  in  by  the  water.  A  blow-off  pipe  iV  permits  the 
removal  of  the  sediment.  The  steam  collects  in  the  upper 
drums  B,  B,  To  the  middle  drum  is  attached  the  steam- 
pipe  and  safety-valve  S. 

The  chimney  T  is  located  behind  the  rear  upper  drum. 
Therefore,  the  cold  feed-water  enters  the  coolest  part  of  the 
boiler,  and  the  circulation  of  the  water  is  directly  opposite 
to  that  of  the  escaping  hot  gases. 

The  water-column  L  with  its  fittings  is  placed  in  com- 
munication with  the  front  upper  drum.  All  the  drums  are 
provided  with  large  manholes  g. 

The  boiler  is  made  with  a  cast-iron  front. 

2030*  The  following  advantages  are  claimed  for  the 
Stirling  boiler: 

(1)  The  vertical  position  of  the  tubes  prevents  the  col- 
lection of  sediment,  and  at  the  same  time  encourages  the 
rapid  rise  and  separation  of  the  steam  as  soon  as  it  is 
formed.  (2)  The  boiler  is  very  simple  and  easy  to  con- 
struct ;  there  are  no  flat  surfaces  to  be  stayed,  and  there  is 
little  or  no  machine  work  required  in  its  manufacture. 
(3)  It  is  very  accessible  for  cleaning  or  repairs ;  any  part  of 
the  boiler  may  be  inspected  by  removing  the  four  manhole 
plates  g". 

The  various  water-tube  boilers  just  described  are  coming 
into  extensive  use.  The  most  important  points  in  their 
favor  arc  their  safety  from  disastrous  explosion  and  their 
economy  in  the  use  of  fuel.  An  objection  sometimes  urged 
against  water-tube  boilers  is  that  they  require  more  atten- 
tion ;  since  they  usually  have  much  less  cubic  capacity  than 
cylindrical  boilers  of  the  same  power,  the  water-level  must 
be  closely  watched. 
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STRENGTH  OF  BOILERS. 

2031.  Steam-boilers  can  be  designed  and  constructed 
to  safely  generate  and  operate  under  almost  any  desired 
steam  pressure,  however  great  it  may  be.  The  common 
practice  among  engineers,  however,  is  rarely,  if  ever,  to  go 
above  250  pounds  per  square  inch,  and  in  the  majority  of 
plants  throughout  the  country  the  steam  pressure  does  not 
exceed  60  pounds  per  square  inch. 

2032*  In  approximately  determining  the  safe  working 
pressure  under  which  any  well-designed  boiler  may  be 
operated,  it  is  only  necessary  to  find  the  diameter  of  the 
largest  cylindrical  shell  used  in  its  construction,  and  the 
thickness  of  the  plate  of  which  the  shell  is  made.  Then 
the  safe  working  pressure  may  be  found  by  the  following 
rule: 

Rule* — Multiply  the  thickness  of  the  plate  in  inches  by  the 
constant  given  below ^  and  divide  the  product  by  the  diameter 
of  the  shell  in  inches;  the  quotient  will  be  the  allowable 
gauge  pressure. 

Let  /  =  safe  working  pressure ; 

t  =  thickness  of  plate  in  inches; 
d=i  diameter  of  shell  in  inches; 
c  =  constant. 

Then,  ^  "=  ^ '  (141.) 

The  following  constants  are  to  be  used  in  formula  141  : 

Wrought-iron  plate,  single-riveted  joint 10,224 

Wrought-iron  plate,  double-riveted  joint 13,152 

Steel  plate,  single-riveted  joint 16,608 

Steel  plate,  double-riveted  joint 20,688 

Example. — If  a  return-tubular  boiler  is  made  of  -f^  of  an  inch  thick 
wrought-iron  boiler  plate,  double  riveted,  and  is  5  feet  in  diameter, 
what  is  the  greatest  steam  pressure  under  which  such  a  boiler  can  be 
safely  operated  ? 

Solution. — Applying  formula  141, 

18  152  X  * 
/  =  — ^— — ^-  =  68.5  pounds  per  square  inch,  gauge.     Ans. 

68.5  -h  14.7  =  83.2  pounds  per  square  inch  above  a  vacuum. 
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HORSEPOWER  OF  BOILERS. 

2033.  The  liorsepoiiver  of  a  boiler  is  a  measure  of 
its  capacity  for  generating  steam.  Boiler-makers  usually 
rate  the  horsepower  of  their  boilers  as  a  certain  fraction  of 
the  heating  surface ;  but  this  is  a  very  indefinite  method, 
for  with  the  same  heating  surface,  different  boilers  of  the 
same  type  may,  under  different  circumstances,  generate 
different  quantities  of  steam. 

In  order  to  have  an  accurate  standard  of  boiler-power, 
the  American  Society  of  Mechanical  Engineers  has  adopted 
as  a  standard  horsepower  an  evaporation  of  SO  pounds  of 
water  per  hour  from  a  feed-water  temperature  of  100°  F, 
into  steam  at  70  pounds  gauge  pressure ^  which  is  considered 
equivalent  to  34.5  units  of  evaporation;  that  is,  to  34.5 
pounds  of  water  evaporated  from  a  feed-water  tempera- 
ture of  212°  F.  into  steam  at  the  same  temperature. 

Example. — A  boiler  evaporates  per  hour  1,980  pounds  of  water 
from  a  feed  temperature  of  100"  into  steam  at  70  pounds  gauge  pres- 
sure.    What  is  the  horsepower  of  the  boiler  ? 

Solution. — Since,  under  the  given  conditions,  an  evaporation  of 
30  pounds  is  equivalent  to  one  horsepower,  the  number  of  horsepower 
is  1,980  -I-  30  =  66.     Ans. 

2034.  In  the  various  types  of  boilers  there  is  a  nearly 
constant  ratio  between  the  water-heating  surface  and  the 
horsepower,  and  also  between  the  heating  surface  and  the 
grate  area.     These  ration  are  given  in  the  following  table: 

TABLE    43. 

RATIO  OF  HBATING  SURPACB  TO  H0R8BP01VBR  AND  OP 
HGATING  SURFACB  TO  GRATB  ARBA. 


Type  of  Boiler. 


Plain  Cylindrical 

Flue 

Return-Tubular. 

Vertical 

Water-Tube 

Locomotive 


Ratio  = 


Heating  Surface 
Horsepower 


•    •    ■    • 


6  to  10 
8  to  12 

14  to  18 

15  to  20 
10  to  12 

1  to    2 


Ratio  = 


Heating  Surface 
Grate  Area 


12  to 
20  to 
25  to 
25  to 
35  to 


15 
25 
35 
30 
40 


50  to  100 


iV.  M.    lL—4 


— f 


A 
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If  the  heating  surface  of  a  boiler  is  known,  the  horse- 
power can  be  found  roughly;  thus,  if  a  return -tubular  boiler 
has  a  heating  surface  of  900  square  feet,  its  horsepower  lies 
between  -^jS^  =  50  H.  P.  and  -V^r  =  64.3  H.  P.,  say  about 
57  H.  P. 

2035.  The  heating  surface  of  a  boiler  is  the  portion  of 
the  surface  exposed  to  the  action  of  flames  and  hot  gases. 
This  includes,  in  the  case  of  the  multitubular  boiler,  the 
portions  of  the  shell  below  the  line  of  brickwork,  the  exposed 
heads  of  the  shell,  and  the  interior  surface  of  the  tubes.  In 
the  case  of  a  water-tube  boiler,  the  heating  surface  com- 
prises the  portion  of  the  shell  below  the  brickwork,  the  outer 
surface  of  the  headers,  and  outer  surface  of  tubes.  In  any 
given  case,  the  heating  surface  may  be  calculated  by  the  rules 
of  mensuration.  The  following  example  will  show  the  method 
of  calculating  the  heating  surface  of  a  return-tubular  boiler  : 

Example. — A  horizontal  return- tubular  boiler  has  the  following 
dimensions:  Diameter,  60  inches;  length  of  tubes,  12  feet ;  internal 
diameter  of  tubes,  3  inches ;  number  of  tubes,  82.  Assume  that  |  of 
the  shell  is  in  contact  with  hot  gases  or  flame  and  \  of  the  two  heads 
are  heating  surface. 

Solution. — 

Circumference  of  shell    =  60  X  3.1416  =  188.496  =  188.5  in.,  say. 

Length  of  shell  =  12  X  12  =  144  in. 

Heating  surface  of  shell  =  188.5  X  144  X  f  =  18,096  sq.  in. 

Circumference  of  tube     =  3  X  3.1416  =  9.425  in.,  nearly. 

Heating  surface  of  tubes  =  82  X  144  X  9.425  =  111,290.4  sq.  in. 

Area  of  one  head  =  60«  X  •'7854  =  2.827.44  sq.  in. 

Two-thirds  area  of  both 

heads  =  f  x  2  X  2,827.44  =  3,769.92  sq.  in. 

From  the  heads  must  be  subtracted  twice  the  area  cut  out  by  the 
tubes;  this  is  82  X  3^  X  .7854  X  2  =  1,159.26. 
Total  heating  surface  in  square  feet  = 
18,096  4- 111,290.4  4-  3,769.92  -  1.159.26 


144 


=  916.64  sq.  ft.     Ans. 


CHIMNEYS. 

2036.     Chimneys  have  two  important  duties  to  perform, 

the  first  being  to  carry  off  the  waste  furnace  gases,  which 

requires  size,  and  the  second,  to  produce  a  draft  sufficient 

to  insure  the  complete  combustion  of  the  fuel,  which  requires 
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height.  The  area  of  a  chimney  is  usually  made  from  one- 
seventh  to  one-tenth  as  large  as  the  area  of  the  furnace- 
grates,  or  of  about  the  same  cross-section  as  the  cross-sec- 
tional area  of  the  flues  or  tubes;  we  have,  therefore,  a  com- 
paratively simple  method  of  determining  one  of  the  required 
dimensions  of  a  chimney,  and,  when  this  is  known,  it  becomes 
an  easy  matter  to  determine  the  height  of  the  chimney  when 
the  horsepower  of  the  boiler  has  been  ascertained. 

The  horsepower  of  a  boiler  being  given  and  the  necessary 
chimney  area  having  been  determined,  the  following  rule 
gives  the  required  height  that  the  chimney  must  be  to  pro- 
duce the  necessary  draft  : 

Rule. — From  S,SS  tunes  the  area  of  the  chimney  in  square 
feety  subtract  twice  the  square  root  of  the  area  of  the  chimney 
in  square  feet,  and  divide  the  given  horsepower  by  the  re- 
mainder. The  square  of  the  quotient  will  be  the  height  of  the 
chimney  in  feet. 

Let  A  =  area  of  chimney ; 
H  =  horsepower  of  boiler; 
h  =  height  of  chimney. 

Then,         h  =  ( ^ ^Y.  (1 42.) 

\3. 33  ^  -  2  i/;Z/  ' 

Example. — What  must  be  the  height  of  a  chimney  which  is  to  have 
a  cross-sectional  area  of  7  square  feet,  and  to  supply  the  draft  for  a 
141  horsepower  boiler  ? 

Solution. — Using  formula  1 42, 

'  h  =  ( =  I  =  (  s-Tii^ — s — 7H — ft-sFT  )  =  ^^'^  feet.    Ans. 

V3.38  X  7  -  2f/7  /       V3.33  X  7  -  (2  X  2.65)/ 
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THE  PLAIN  SLIDE-VALVE  ENGINE. 


GBNBRALr   DESCRIPTION. 

2037. .  The  plain  slide-valve  engine  is  the  most 
simple  of  all  of  the  many  forms  of  steam-engines  now  in  use. 
In  its  construction  and  operation,  however,  all  of  the  funda- 
mental principles  of  this  class  of  machinery  are  involved. 

2038.  In  Fig.  667  such  an  engine  is  shown,  and  in  Fig. 
668  is  shown  an  enlarged  section  of  a  steam-cylinder.  Re- 
ferring to  these  figures,  H  is  the  head  end  and  C  the  crank 
end  of  the  steam-cylinder ;  B  and  j9'  are  the  steam-ports ;  D 
is  the  steam-chest ;  E  is  the  exhaust-port ;  N  and  N*  are  the 
cylinder-heads ;  5  is  the  steam  supply-pipe ;  O  is  the  exhaust- 
pipe,  and  connects  with  the  exhaust-port  E\  G  i^  one  of  the 
two  guide-bars  (the  other,  which  is  not  designated,  is  on  the 
opposite  side  of  the  cross-head  2) ;  R  and  R  are  the  shaft- 
bearings,  and  T  is  the  bed  or  frame  of  the  engine.  The 
above  are  all  stationary  parts  of  the  engine,  or  parts  which 
do  not  change  their  relative  positions  when  the  engine  is  in 
motion.  P  is  the  piston ;  1  is  the  piston-rod ;  2  is  the  cross- 
head;  S  is  the  cross-head  pin;  ^  is  the  connecting-rod;  5  is 
the  crank;  6  is  the  crank-pin;  7  is  the  crank-shaft;  8  is  the 
fly-wheel ;  9  is  the  eccentric ;  10  is  the  eccentric-strap ;  11  is 
the  eccentric-rod ;  12  is  the  rocker ;  13  is  the  valve-rod,  or 
stem,  and  V  is  the  slide-valve.  These  are  all  movable  parts 
of  the  engine,  or  parts  which  change  their  relative  positions 
when  the  engine  is  in  motion. 

2039.  The  stroke  of  the  engine  is  equal  to  the  throw  of 

the  crank,  or  to  the  diameter  of  the  circle  described  by  the 

§19 
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center  of  the  crank-pin  6,  It  is  also  equal  to  the  cross-head 
or  piston  travel,  or  the  distance  through  which  the  cross- 
head  or  piston  moves,  and  it  determines  the  working  length 
TKof  the  cylinder,  as  shown  in  Fig.  608.  The  bore  of  the 
cylinder  is  M,  Fig.  6G8.  The  counter-bores  F  and  F  are 
enlargements,  into  which  the  piston  projects  at  the  end  of 
each  stroke.  They  prevent  the  formation  of  shoulders  at 
the  ends  of  the  cylinder  by  insuring  an  equal  wear  of  the 
cylinder  over  its  entire  working  length.  Such  shoulders 
would  cause  a  pounding  of  the  piston  when  the  length  of  the 


connecting-rod  is  increased  by  the  taking  up  of  the  wear  of 
its  joints.  The  clearance  at  one  end  of  the  cylinder  is  the 
volume  that  remains  when  the  piston  has  completed  its 
stroke — it  includes  the  steam-port.  It  is  diminished  at  the 
crank  end  by  the  volume  of  that  portion  of  the  piston-rod 
remaining  within  the  cylinder.  The  volume  of  the  cylinder 
is  equal  to  the  volume  of  the  clearance  at  one  end  plus  the 
volume  swept  through  during  one  stroke  of  the  piston.  It 
is  less  at  the  crank  end  by  an  amount  equal  to  the  volume 
of  that  portion  of  the  piston-rod  remaining  in  the  cylinder 
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Drain-valves  IV^  and  W  are  fitted  in  each  end  of  the  cyHn- 
der  through  which  any  condensed  steam  may  be  discharged. 

The  piston  is  given  a  loose  fit  in  the  cylinder,  and  has 
split  rings  k  and  k*  inserted,  which  spring  out  so  as  to 
press  against  the  wall  of  the  cylinder,  and  prevent  leakage 
of  steam  between  the  wall  of  the  cylinder  and  piston. 
Pistons  are  usually  supplied  with  a  follower-plate  //,  which 
is  bolted  to  the  head  end  of  the  piston  /*,  in  order  to  hold 
these  split  rings  k  and  k'  in  place.  The  piston-rod  i  is  a 
perfectly  round,  smooth  bar,  rigidly  connected  to  both  the 
piston  P  and  the  cross-head  2, 

A"  is  a  stuffing-box  in  which  packing  is  placed,  and  is 
fitted  with  a  gland  y,  which,  when  bolted  down,  compresses 
the  packing  around  the  piston-rod  i,  and  makes  a  steam- 
tight  joint.  This  packing  is  usually  made  in  the  form  of 
split  rings,  which  are  so  placed  that  the  split  of  the  first 
ring  is  covered  by  the  solid  part  of  the  next  ring.  When 
repacking,  care  should  be  taken  not  to  cause  unnecessary 
friction  by  too  much  pressure  from  the  gland.  The  cross- 
head  2  is  given  an  easy  sliding  fit  between  the  guide-bars, 
which  are  in  line  with  the  path  of  the  piston-rod,  and  com- 
bine with  the  cross-head  to  relieve  the  piston-rod  of  all 
bending  strains. 

2040.  The  connecting-rod  J^.  forms  the  connecting-link 
between  the  cross-head  and  crank  5.  The  joint  between 
the  cross-head  2  and  connecting-rod  jj.  is  made  by  the  cross- 
head  pin  3^  and  that  between  the  connecting-rod  and  crank 
by  the  crank-pin  6,  Connecting-rods  are  usually  made  from 
2  to  3  times  the  length  of  the  stroke,  or  from  4  to  G  times 
the  length  of  the  crank,  or  from  4  to  6  ** cranks"  in  length, 
as  it  is  called. 

The  crank-shaft  7  forms  a  rigid  connection  between  the 
crank  5,  the  eccentric  P,  and  the  fly-wheel  8,  The  power 
developed  in  the  engine  is,  therefore,  transmitted  through 
the  shaft.  When  the  engine  is  running,  all  the  energy 
which  has  been  expended  in  giving  the  fly-wheel  its  speed 
is  stored  up  in  the  fly-wheel.     This  energy,  from  the  law  of 
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the  conservation  of  energy,  is  utilized  in  assisting  the  steam- 
power  in  overcoming  any  sudden  change  in  the  load  on  the 
engine,  as  well  as  in  carrying  the  crank  over  its  dead-center 
positions.  These  occur  twice  in  every  revolution  of  the 
crank — when  the  piston  reaches  the  end  of  its  stroke,  and 
the  centers  of  the  cross-head  pin  5,  crank-pin  6,  and  crank- 
shaft 7  all  lie  in  the  same  straight  line. 

2041.  The  eccentric  P,  which  imparts  motion  to  the 
slide-valve  F",  is  the  exact  equivalent  of  a  crank  having  the 
same  throw.     This  is  clearly  shown  in  Fig.  669,  in  which  9 


Fig.  009. 


is  the  eccentric,  10  is  its  strap,  11  is  the  eccentric-rod,  and 
W^  is  a  crank  having  a  throw  J",  equal  to  that  of  the  eccen- 
tric. The  center  of  the  crank-shaft  Q  is  the  center  of 
rotary  motion.  The  dotted  circle  represents  the  path  of  the 
common  center  O  of  the  eccentric  and  crank  IV.  The  ec- 
centric revolves  freely  in  the  eccentric-strap  10^  which  is 
rigidly  connected  to  the  eccentric-rod  11.  (See  Figs.  667  and 
669.)  In  practice,  the  diameter  of  the  shaft  generally  ex- 
ceeds the  throw  of  the  eccentric.  In  plain  slide-valve 
engines  the  eccentric  is  usually  keyed  to  the  shaft  after 
being  properly  adjusted.  The  connection  between  the 
eccentric-rod   ii.  Fig.    667,  and  the  valve-rod  or  stem  13 
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varies  slightly  in  different  engines  of  this  class.  The 
illustration  exhibits  a  common  form  called  the  rocker 
connection. 

THE   PLrAIN   SLIDE- VAI^VE. 


ACTION  OF  THB  SL.IDB-VAL.VB. 

2042*  In  the  discussions  which  follow,  it  must  be  re- 
membered that  the  steam  enters  the  steam-chest  as  it  comes 
from  the  boiler  through  the  steam-pipe  S  (Figs.  6G7  and 
G68),  and  is  called  live  steam  ;  that,  while  it  is  within  the 
cylinder  of  the  engine,  the  heat  stored  in  the  steam  is  the 
active  agent  in  the  accomplishment  of  the  results  there 
obtained,  and  that  all  the  steam  discharged  from  the  cyl- 
inder passes  out  of  the  exhaust-pipe  (9,  Fig.  607,  through 
the  exhaust-port  £j  Fig.  668.  It  must  also  be  understood 
that  the  motion  of  the  piston  is  imparted  to  the  cranky  and 
that  the  slide-valve  receives  its  motion  from  the  eccentric. 
The  crank  and  the  eccentric  have  the  same  rotary  motion, 
in  consequence  of  the  rigid  shaft  connection  between  them. 
The  angle  between  the  center  lines  of  the  crank  and  the 
eccentric  is  always  a  little  more  than  a  right  angle. 

2043.  In  order  to  show  the  action  of  the  slide-valve,  a 
series  of  skeleton  diagrams,  Figs.  670  to  672,  have  been 
drawn. 

These  diagrams  have  been  distorted,  in  order  that  the 
eccentric  radius  might  be  long  enough  to  show  up  well; 
it  is  three  times  as  long  as  it  should  be  for  the  amount  of 
valve  movement  shown  by  the  figure.  The  diameter  of  the 
crank  circle  is  also  a  little  greater  than  the  stroke  of  the 
piston  for  the  same  reason.  In  order  to  show  the  distribu- 
tion of  steam  by  the  valve,  a  diagram  has  been  drawn  above 
and  below  each  cylinder,  those  above  being  marked  J/,  and 
those  below,  N,  These  diagrams  are  supposed  to  be  drawn 
in  the  following  manner:  Imagine  it  to  be  possible  to  con- 
nect two  small  pipes  to  the  piston,  one  on  each  side.  Sup- 
pose each  pipe  has  a  steam-tight  piston  working  in  it,  the 
lower  side  of  the  pistons  being  subjected  to  the  steam  pres- 
sure in  the  cylinder,  and  the  upper  side  to  the  atmospheric 
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pressure.  Suppose,  further,  that  there  is  a  coiled  spring 
on  top  of  the  piston;  that  a  piston-rod  passes  through 
the  center  of  the  spring,  and  that  a  pencil  is  attached  to 
the  end  of  the  piston-rod.  If  a  pressure  of  10  pounds  is  re- 
quired to  compress  the  spring  1  inch,  it  is  evident  that  for 
every  10  pounds  pressure  in  the  cylinder,  the  pencil  will 
move  upwards  1  inch,  and,  if  it  touched  a  sheet  of  paper, 
would  mark  a  line  on  that  paper.  It  will  now  be  presumed 
that  an  arrangement  like  that  just  described  is  attached  to 
the  steam-engine  piston,  and  that  the  pencil  touches  a  sheet 
of  paper,  which  is  held  stationary.  Then,  when  the  steam- 
piston  moves  ahead,  the  pencil  will  make  straight  lines  at 
heights  corresponding  to  the  steam-pressure  on  the  under 
sides  of  the  little  pistons,  except  when  the  pressure  of  the 
steam  in  cylinder  varies,  in  which  case  the  pencil  will 
move  up  or  down,  according  as  the  pressure  increases  or 
diminishes. 

Having  made  these  suppositions  clear,  let  Q  Jf,  Figs.  G70 
to  672,  represent  the  line  which  the  pencil  would  trace  if 
there  were  a  perfect  vacuum  in  the  cylinder;  i.  e.,  Q  X  \s 
the  line  of  zero  pressure,  or  the  vacuum  line ;  also  let  A  B 
represent  the  atmosplierlc  line,  or  the  line  which  the 
pencil  would  trace  if  the  pressure  in  the  cylinder  was  just 
equal  to  that  of  the  atmosphere,  and  Q  Y  the  line  of  no 
volume.  Then,  the  point  Q  represents  no  volume  and  no 
pressure.  Finally,  let  1  D  represent  the  volume  of  the 
clearance ;  that  is,  the  space  between  the  piston  and  cylinder- 
head  when  the  piston  is  at  the  end  of  its  stroke. 

2044.  Consider  Fig.  670  {a).  The  piston  is  represented 
as  just  beginning  the  forward  stroke,  and  the  valve  as 
just  commencing  to  open  the  left  steam-port,  both  moving 
in  the  same  direction,  as  shown  by  the  arrows.  If  the  valve 
had  no  outside  lap  (see  Art.  2047),  the  position  of  the 
eccentric  center  would  be  at  r,  but  on  account  of  the  lap, 
the  valve  has  moved  ahead  of  its  central  position  in  order  to 
bring  its  edge  to  the  edge  of  the  port.  To  accomplish  this, 
the  eccentric  center  has  been  moved  from  c  to  /;,  O  b  being 
the   position   of    the   eccentric  radius.     The   angle   b  O  e^ 
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which  the  eccentric  radius  makes  with  the  position  it  would 
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Assume  that  the  piston  and  valve  have  moved  a  very 
small  distance,  just  sufficient  to  admit  steam  to  fill  the 
clearance-space  on  the  left  of  the  piston,  so  that  the  steam 
acts  on  the  piston  at  full  boiler-pressure.  If  the  length  of 
the  line -^  1  represents  the  boiler-pressure  (gauge),  the  pencil 
which  registers  the  pressure  on  the  left  side  of  the  piston 
will  be  at  1,  The  steam  on  the  right  side  of  the  piston  is 
flowing  (exhausting)  into  the  atmosphere  through  the  ex- 
haust-port, as  shown  by  the  arrow.  As  the  size  of  the 
exhaust-port  is  limited  by  practical  considerations,  the  ex- 
haust is  not  perfectly  free,  and  there  is  a  slight  pressure  on 
the  exhaust  side  of  the  piston,  in  addition  to  the  atmos- 
pheric pressure.  This  is  termed  back-pressure.  There- 
fore, in  the  diagram  N,  let  1  be  the  position  of  the  second 
pencil ;  then,  IB  is  the  back-pressure. 

In  Fig.  670  {b)  the  piston  has  advanced  far  enough  to  en- 
able the  valve  to  reach  the  end  of  its  stroke  and  open  the  port 
its  full  width.  The  crank  and  eccentric  have  moved  to  the 
positions  O  a  and  O  b.  The  eccentric  radius  is  horizontal, 
and  any  further  movement  of  the  crank  will  cause  the 
eccentric  to  travel  in  the  lower  half  of  its  circle  and  make 
the  valve  move  back.  In  the  diagrams  M  and  iV,  the  pencil 
has  traced  the  lines  IS. 

Fig.  671  {a)  marks  one  of  the  most  important  points  of 
the  stroke.  Here  the  valve  has  closed  the  steam-port,  i.  e. , 
cut  off  the  steam,  and  from  here  to  the  end  of  the  stroke, 
the  steam  in  the  cylinder  expands.  This  point  of  the  stroke 
is  called  the  point  of  cut-off. 

The  exhaust-port  is  now  partially  closed.  The  crank  and 
eccentric  have  moved  to  the  positions  indicated.  During 
this  movement,  the  pencils  have  traced  the  lines  3-f), 

Fig.  671  {b)  shows  another  very  important  valve  position. 
Here  the  inside  edge  of  the  valve  closes  the  exhaust-port, 
and,  from  now  on  to  the  end  of  the  stroke,  the  steam  in 
front  of  the  piston  is  compressed.  This  point  of  the  stroke 
is  called  the  point  of  compression.  In  the  diagrams  AI 
and  Ny  the  lines  5-6  are  traced  by  the  pencils.  The  line  6-6 
on  the  diagram  M  is  an  expansion  line,  the  pressure  falling 
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as  the  piston  moves  ahead.     This  period   during  which  the 
pressure  falls  is  called  the  period  of  expansion. 
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In  Fig.   672  (a)  the  piston  has  advanced  far  enough  to 
the  left  inside  edge  of  the  valve  to  be  in  line  with  the 
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inside  edge  of  the  left  port.     The  slightest  movement  of 
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the  valve  to  the  left  will  open  the  left  port  to  exhaust. 
This  point  of  the  stroke  is  called    the  point   of 


18  STEAM-ENGINES.  §19 

Expansion  really  ends  here,  although,  on  account  of  the  lim- 
itation in  the  size  of  the  ports,  there  will  still  be  a  slight 
further  expansion,  owing  to  the  inability  of  the  steam  to 
escape  instantly.  During  this  last  movement  of  the  piston, 
the  pencils  trace  the  lines  6-1  on  the  diagrams  M  and  N, 
On  the  diagram  M^  the  line  6-t  is  a  continuation  of  the  ex- 
pansion line  5-^,  while  in  the  diagram  N  it  shows  part  of 
the  compression  line,  the  pressure  rapidly  increasing  as  the 
piston  nears  the  end  of  the  stroke. 

In  Fig,  672  (b)  the  piston  has  reached  the  end  of  its  for- 
ward stroke,  and  is  about  to  begin  the  return  stroke.  The 
right  outside  edge  of  the  valve  is  in  line  with  the  outside 
edge  of  the  right  port.  The  steam  is  exhausting  from  the 
head  end  of  the  cylinder,  as  shown  by  the  arrows.  The 
crank  and  eccentric  are  both  diametrically  opposite  their 
positions  in  Fig.  670  {a).  In  the  diagrams  M  and  N^  the 
pencils  have  traced  the  lines  IS.  M  shows  that  the  pres- 
sure has  fallen  very  rapidly  from  7  to  <9,  while  in  N  it  has 
risen  from  7  to  8,  The  very  slightest  movement  of  the 
piston  to  the  left  will  admit  steam  to  the  crank  end  of 
the  cylinder  and  cause  the  pencil  to  rise  to  the  point  i'. 

During  the  return  stroke,  the  above-described  actions  of 
the  steam  will  be  repeated,  the  pencils  tracing  the  dotted 
lines  on  the  diagrams  J/ and  N  in  Fig.  672  (^),  the  exhaust 
going  through  the  left  port  and  the  steam  through  the  right 
port.  As  the  process  is  so  nearly  like  the  preceding,  the 
diagrams  have  not  been  drawn,  but  the  student  should 
follow  the  valve  through  the  different  positions,  and  note 
the  effects  on  the  diagrams.  To  assist  him  in  this,  the  cor- 
responding points  have  been  numbered  as  in  the  foregoing 
figures. 

2045.  Lead. — A  valve  is  said  to  have  lead  when  it 
commences  to  open  the  steam-port  just  before  the  piston 
reaches  the  end  of  the  stroke.  The  amount  of  lead  is  meas- 
ured by  the  distance  between  the  edge  of  the  valve  and  the 
edge  of  the  port  from  which  the  valve  is  traveling.  In  Fig. 
673,  the  lead  is  the  distance  a  b.  Most  engineers  give  their 
valves  lead  in  order  to  have  the  clearance-space  filled  with 
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steam  at  boiler-pressure  when  the  piston  begins  its  stroke. 
The  effect  of  lead  on  the  angular  advance  of  the  eccentric 


is  evidently  the  same  as  an  increase  of  lap;  i.  e.,  it  increases 
the  angular  advance. 

2046.  In  Fig.  674  is  shown  a  sectional  view  of  a  plain 
slide-valve  with  its  center  h  in  line  with  the  center  m  of  the 
exhaust-port   E.      The   valve   takes   this    position    during 


the  interval  between  the  point  of  release  of  the  steam 
from  the  head  end  of  the  cylinder,  and  the  point  of  com- 
pression of  the  steam  in  the  crank  end  of  the  cylinder, 
during  the  forward  stroke  of  the  piston,  and  conversely  for 
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the  backward  stroke.  S  T  is  the  valve-seat.  The  flange 
face  a  b  or  cd  is  the  lip  of  the  valve.  The  portion  e  of  the 
flange  face  is  the  outside  or  steam  lap  of  the  valve,  while 
portion  y  is  the  inside  lap. 

2047.  Effects  of  I^ap.^The  study  of  Figs.  670  to 
672  should  show  the  effects  caused  by  varying  the  lap. 
Thus,  in  Fig.  671  (^),  it  is  evident  that  if  the  outside  lap  had 
been  less,  the  valve  would  not  close  the  left  port  when  its 
center  was  in  the  position  shown ;  consequently,  the  piston 
must  move  farther  ahead  before  the  valve  can  move  back 
far  enough  to  close  the  port.  This,  of  course,  makes  the 
cut-off  take  place  later  in  the  stroke,  and  shortens  the 
expansion.  It  is  likewise  evident  that  if  the  valve  had  more 
lap,  this  extra  lap  would  extend  beyond  the  port  when  the 
center  of  the  valve  was  in  the  position  shown.  Therefore, 
the  valve  would  cut  off  earlier  in  the  stroke,  and  the  expan- 
sion would  be  lengthened.  Hence,  increasing  the  outside  lap 
means  an  earlier  cut-off  and  an  increased  expansion^  while 
decreasing  the  outside  lap  means  a  later  cut-off  and  a  dimin- 
ished expansion. 

Considering  the  inside  lap,  it  is  evident  from  Fig.  671  (^) 
that,  if  the  inside  lap  had  been  less,  the  exhaust-port  would 
not  have  closed  so  soon,  and,  consequently,  the  compression 
would  have  begun  later ;  had  the  inside  lap  been  greater,  the 
compression  would  have  begun  earlier.  Fig.  672  {cl)  shows 
that,  with  a  diminished  inside  lap,  the  exhaust  (usually 
termed  release)  would  begin  earlier,  while  with  an  increased 
inside  lap,  the  release  would  have  taken  place  later  in  the 
stroke.  Hence,  increasing  the  inside  lap  increases  compres- 
sion and  delays  the  release^  while  diminishing  the  inside  lap 
decreases  compression  and  hastens  release. 


TO  SET  THE  PLAIN  SLIDE-VALVE  AND    ADJUST    THE 

ECCENTRIC. 

2048.  In  order  to  set  the  valve,  we  must  first  bring  the 
crank  to  either  its  head  or  crank  dead-center  position. 
These  occur  respectively  as  the  piston  completes  its  back- 
W£^rd  and  its  forward  strokes,  when  the  centers  of  the  cross- 
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head   pin,  crank-pin,  and  crank-shaft  all  lie  in  the  same 
straight  line. 

2049.  To  Find  tlie  Dead  Centers. — Make  a  fine, 
clear  mark  on  the  cross-head,  then,  while  an  assistant  rotates 
the  fly-wheel  in  the  direction  opposite  to  that  in  which  the 
engine  is  to  run,  or  backwards,  follow  the  mark  on  the  cross- 
head  with  a  sharp  instrument  until  it  reaches  successively 
the  two  extreme  points  of  its  travel,  and  at  these  points 
make  marks  on  the  guide-bar  opposite  the  cross-head  mark. 

After  this  has  been  done  for  both  head  and  crank  positions 
of  the  cross-head,  the  engine  should  again  be  rotated  dack- 
wards  very  slowly,  and  the  accuracy  of  the  guide-bar  marks 
tested.  We  now  have  the  dead-center  points,  since  the 
centers  of  the  cross-head  pin,  crank-pin,  and  crank-shaft 
will  lie  in  the  same  straight  line  whenever  the  cross-head 
mark  comes  opposite  either  one  of  the  guide-bar  marks. 

2050.  To  Set  the  Slide- Valve. — Remove  the  steam- 
chest  cover  by  loosening  the  nuts  with  which  it  is  screwed 
down,  as  shown  in  Fig.  668.  Then  revolve  the  crank /i?r- 
wards,  or  in  the  direction  in  which  it  is  to  run,  until  the  cross- 
head  mark  coincides  with  the  head  guide-bar  mark.  Then 
if  the  eccentric-rod  is  directly  connected  to  the  valve-stem, 
that  is,  if  the  direction  of  motion  of  both  the  eccentric-rod 
and  valve-stem  is  always  the  same,  place  the  eccentric  on 
the  shaft  a  little  more  than  a  right  angle  ahead  ox  in  advance 
of  the  crank.  But  if  the  eccentric-rod  is  cross-connected 
to  the  valve-stem,  that  is,  if  its  direction  of  motion  is 
always  directly  opposite  to  the  motion  of  the  valve-stem, 
place  the  eccentric  on  the  shaft  a  little  more  than  a  right 
angle  behind  or  following  the  crank.  Continue  in  either 
case  to  increase  the  angle  between  the  eccentric  and  crank 
by  turning  the  eccentric  on  the  shaft,  till  the  point  a  of  the 
valve.  Fig.  674,  coincides  with  the  point  /.  Then  rotate 
the  txv^xn^  forwards  till  the  cross-head  mark  coincides  with 
the  crank  guide-bar  mark,  and  see  if  d.  Fig.  674,  coincides 
with  /  of  the  right-hand  port.  If  so,  the  valve  is  set  cor- 
rectly, but  if  d  has  passed  /,  the  valve-stem  IS,  Fig.  667, 
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must  be  removed  and  shortened  an  amount  equal  to  one- 
half  the  distance  between  /  and  d\  and  if  d  does  not  come 
up  to  /,  that  is,  if  the  right-hand  port  remains  open,  the 
valve-stem  must  be  lengthened  an  amount  equal  to  one-half 
the  distance  between  d  and  p.  The  valve-stem  now  having 
the  proper  length,  rotate  the  fly-wheel  forwards  till  the  cross- 
head  mark  again  coincides  with  the  head  guide-bar  mark, 
replace  the  valve-stem,  and  turn  the  eccentric  on  the  shaft 
until  the  distance  between  p  and  a  is  equal  to  the  desired 
lead,  and  firmly  secure  the  eccentric  to  the  shaft.  Replace 
the  steam-chest  cover,  as  the  slide-valve  is  set. 

The  lead  usually  given  to  a  plain  slide-valve  is  about  -^ 
of  an  inch  for  quiet  running,  but  at  any  time  it  may  be  in* 
creased  or  diminished  without  opening  the  steam-chest, 
simply  by  turning  the  eccentric  very  slightly  forwards  or 
backwards. 

2051.  Slide-valve  engines  are  made  to  cut  off  at  differ- 
ent points  in  the  stroke,  according  to  the  conditions  under 
which  they  are  to  be  operated.  That  is,  the  point  of  cut- 
off ^,  Fig.  681,  may  be  made  to  occur  earlier  or  later  in 
the  stroke  than  the  figure  represents.  The  point  of  cut-off 
is  expressed  in  the  form  of  a  ratio,  or  coefficient.  Thus,  in 
Fig.  681  the  length  of  the  stroke  is  represented  by  the 
length  of  the  line  A  Z^  which  is  equal  to  the  length  of  the 
diagram,  and  for  a  stroke  of  42  inches,  this  line  may  be  divi- 
ded into  42  equal  divisions,  making  the  length  of  each 
division  represent  one  inch.  Then,  by  producing  the  line 
2-10^  we  see  that  the  steam  is  cut  off  when  the  piston  has 
traveled  28  inches,  or  f|  =  f  of  its  stroke. 

2052*  The  ratio  of  expansion  is  the  number  of 
times  the  volume  of  the  live  steam  in  the  cylinder  at  the 
instant  of  cut-off  is  increased  during  the  period  of  expansion. 
It  is  determined  by  dividing  the  length  of  the  stroke  by 
the  distance  through  which  the  piston  has  moved  when 
cut-oif  occurs.  In  the  case  just  given,  the  stroke  is 
36  inches;  cut-off  occurs  at  24  inches.  The  ratio  of  expan- 
sion is  then  ||^  =  |  =  1^,  that  is,  the  steam  expands  to  one 
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and  a  half  times  its  volume  at  the  point  of  cut-off,  or  its 
volume  is  increased  by  the  expansion  in  the  cylinder  an 
amount  equal  to  one-half  of  what  it  was  at  cut-off. 

In  practice,  the  point  of  cut-off  can  be  obtained  directly 
from  the  engine.  Measure  the  distance  between  the  dead- 
center  points  as  marked  on  the  guide-bars;  this  will  be  the 
length  of  the  stroke.  Take  off  the  steam-chest  cover,  and 
with  the  piston  at  the  head  end  of  the  cylinder,  slowly  ro- 
tate the  engine  forwards  until  the  head  edge  of  the  slide- 
valve  coincides  with  the  head  edge  of  the  steam-port.  Then 
measure  the  distance  between  the  head  dead-center  guide- 
bar  mark  and  the  mark  on  the  cross-head ;  divide  this  latter 
quantity  by  the  one  first  taken,  and  the  result  will  be  the 
cut-off  required,  in  a  fraction  of  the  stroke.  Plain  slide- 
valves  usually  cut  oft  between  i  and  full  stroke. 


CORLISS   VALVE-GEAR. 

2053«  As  has  been  stated  before,  the  plain  slide-valve 
involves  all  the  principles  made  use  of  in  any  of  the  more 
complicated  forms  of  valve-gear  at  present  in  use.  The 
Corliss  valve-gear  is,  however,  being  so  extensively  em- 
ployed in  different  kinds  of  machinery,  that  a  short  descrip- 
tion of  its  working  parts  and  principles  is  here  given. 

In  Fig.  675  is  shown  a  side  elevation  of  this  valve-gear, 
and  in  Fig.  676  a  section  through  the  cylinder  and  valves. 

It  has  four  separate  and  distinct  valves.  Two  of  these, 
V  and  v\  Fig.  676,  connect  directly  with  the  steam-chest  d 
and  steam-pipe  j,  and  are  called  steam-valves.  They  are 
rigidly  connected  with  the  cranks  N  and  N\  Fig.  675,  N' 
being  removed  in  order  to  show  more  clearly  the  disengaging 
link  /'.  The  other  two  valves,  r  and  r\  Fig.  676,  connect 
directly  with  the  exhaust-chest  /and  the  exhaust-pipe  o^  and 
are  called  exhaust- valves;  they  are  rigidly  connected  with 
the  cranks  M  and  M\  Fig.  675.  All  the  valves  are  cylin- 
drical in  form,  and  extend  across  the  cylinder  above  and 
below,  respectively. 

A^  Fig.  675,  is  a  disk  or  wrist-plate,  which  is  made  to  rock 
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upon  a  stud  C,  by  the  eccentric-rod  B,  connecting  it  with  an 
eccentric  on  the  crank-shaft. 

There  are  four  valve-stems  :  E  and  E',  which  connect  the 
wrist-plate  A  with  the  bell-cranks  H  and  H'  of  the  steam- 
valves,  and  i^  and -P,  which  connect  the  wrist-plate  j4  with  the 
cranks  M  and  M'  of  the  exhaust-valves.  The  valve-stems 
can  be  lengthened  or  shortened  as  the  case  may  require,  and 
the  action  of  any  one  valve  may  be  regulated  independently 
of  the  other  three.     As  the  wrist-plate  A  rocks  backwards  and 


forwards,  the  exhaust-valves  R  and  R',  which  are  rigidly  con- 
nected with  their  cranks  .^and  M",  rock  with  it.  The  bell- 
cranks  H  and  H',  which  are  provided  with  the  disengaging 
links  shown  at  /  and  /',  are  also  given  this  rocking  motion, 
and  by  hooking  on  to  the  blocks  B  and  B',  which  are  rigidly 
connected  to  the  cranks  N  and  N',  open  the  steam-valves  V 
and  V. 

The  projections  a  and  a'  on  the  two  trip  collars  G  and  G' 
unhook  these  disengaging  links  /  and  /',  after  they  have 
rotated  the  valves  V  and  V  through  a  certain  angle,  and 
the  cranks  N  and  N'  are  pulled  back  to  their  first  positions 
by  the  vacuum-air  dash-pots  /"and  /*,  against  the  resistance 


§  19  STEAM-ENGINES.  19 

of  which  the  valve-cranks  iVand  N*  were  raised.  The  move- 
ments of  the  valves  open  and  close  the  steam  and  exhaust 
ports  of  the  cylinder  at  the  proper  intervals.  The  pins  of 
the  valve-stems  are  so  located  on  the  wrist-plate  that  the 
steam-valves  V  and  V  have  their  quickest  movement  while 
the  exhaust- valves  R  and  R'  have  their  slowest  movement, 
and  the  exhaust-valves  have  their  quickest  movement  while 
the  steam-valves  have  their  slowest  movement.  As  a  con- 
sequence of  this  arrangement,  the  steam  and  exhaust  valves 
have  entirely  independent  movements,  and  the  inlet-ports 
may  be  suddenly  opened  full  width  by  the  quick  movement 
of  the  steam-valves,  while  the  exhaust-valves  are  practically 
motionless.  The  advantage  of  this  valve-gear  is  that  it  per- 
mits an  earlier  cut-off,  with  a  greater  range  and  a  more 
perfect  steam  distribution,  than  is  attained  with  the  plain 
slide-valve. 

Engines  fitted  with  the  Corliss  valve-gear  can  not  run  at 
much  more  than  90  revolutions  per  minute. 


INDICATORS  AND  INDICATOR-CARDS. 


DESCRIPTION  OF  THE  INDICATOR. 

2054.  In  Fig.  681  and  682  are  given  diagrams  {l-^S^ 
J^rSS)  in  which  vertical  distances  represent  pounds  pressure 
per  square  inch,  and  horizontal  distances  the  position  of  the 
piston  in  its  stroke.  Such  a  diagram  is  called  an  Indicator- 
diagram.  Indicator-diagrams  are  obtained  by  making  use 
of  an  instrument  called  an  Indicator,  Fig.  677,  which  is 
fitted  to  the  steam-engine  cylinder,  as  shown  in  Fig.  679. 
Holes  are  drilled  into  the  clearance-spaces  of  the  steam- 
cylinder  (see  H  and  C,  Fig.  679),  and  connected  with  a  pipe 
Oy  having  a  three-way  cock  Q  in  the  middle.  The  indicator 
is  securely  fitted  to  the  arm  F  of  the  three-way  cock  by  in- 
serting the  projection  s  (see  Fig.  678)  in  the  end  of  the  arm, 
and  tightening  up  by  the  nut  r. 

It  is  the  office  of  the  three-way  cock  to  check  the  passage 
of  the  steam  when  the  indicator  is  not  in  use,  but  it  can  be 
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so  turned  as  to  give  a  free  passage  of  steam  through  /f  and 
F,  while  closing  it  through  C,  or  to  give  a  free  passage 
through  C  and  F,  while  closing  it  through  H.  Referring 
now  to  Fig.  e'i'S,  which  is  a  sectional  view  of  the  indicator, 
a  is  the  cylinder  of  the  indicator  in  which  the  piston^  slides. 
The  spring  rtT resists  any  upward  motion  of  the  piston^,  but 
when  such  a  motion  is  given  to  the  piston,  it  is  transmitted 
through  the  piston-rod  e  and  the  link  i  to  the  point  k  of  the 
lever  «  kp.     These  parts  are  so  adjusted  that,  as  the  lever 


swings  about  »  as  a  center,  a  pencil-lead  at/,  the  extremity 
of  the  arm  nk  p,vi\\  mark  a  straight  vertical  line  on  the  drum 
/.  If,  now,  we  open  the  pipe-connection  H  Q  F,  Fig.  079, 
to  a  free  passage  of  steam  from  the  steam-cylinder  to  the 
indicator  (the  passage  Q  C  being  closed  by  the  cock  at  Q), 
it  is  evident  that  as  the  steam -pressure  in  the  steam-cylinder 
varies  during  a  stroke  of  the  engine-piston,  the  movement 
of  the  indicator-piston  g.  Fig.  078,  will  be  effected  by  the 
changing  steam -pressure,  and  since  the  spring  d  of  the  indi- 
cator is  so  made  that  it  will  require  a  definite  number  of 


g  19  STEAM-ENGINES.  21 

pounds  pressure  per  square  inch  on  the  piston  g  to  compreBS 
it  sufficiently  to  move  the  pencil-lead  at  /  vertically  one 
inch  on  the  drum/,  therefore  the  pencil-lead  at/  will  mark 
on  the  drum  /  vertical  lines  proportional  to  the  pressure  be- 
hind the  piston,  during  the  various  points  of  its  stroke.  If 
we  now  close  the  passage  H  Qto  steam  and  open  the  passage 
C  Q  F,hy  turning  the  cock  at  Q,  the  pencil  will  in  this  case 


bavea  vertical  movement  proportional  to  the  steam-pressure 
behind  the  piston  in  the  crank  end  of  the  steam -cylinder. 

2055.  The  scale  of  an  indicator-spring  is  the  number 
of  pounds  pressure  per  square  inch  on  the  indicator-piston 
necessary  to  give  the  pencil-lead  a  movement  through  a 
vertical  distance  of  one  inch,  and  it  should  not  be  less  than 
i  the  boiler-pressure  under  which  the  engine  is  operated. 

The  spindle  /,  Fig.  C78,  is  firmly  fixed  to  the  bar  /;,  and  is 
also  connected  to  the  drum  fhy  means  of  the  spring/.  If, 
now,  the  cord  /,  which  is  wound  on  the  drum,  is  pulled,  the 
drum  /  will  rotate  against  the  action  of  the  spring,  but  it 
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will,  in  turn,  be  rotated  back  to  its  first  position  by  the  springy 
when  the  pull  on  the  cord  /  is  discontinued. 

From  this  it  is  evident  that,  if  we  pull  and  release  the 


string  by  a  forward  and  backward  motion  of  the  hand,  a 
corresponding  rotary  motion  will  be  given  to  the  drum. 
When  the  indicator  is  in  use,  such  a  motion  is  thus  given  by 
means  of  the  lever  U  V  \V  and  the  pulley  Z^   Fig.   679. 
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This  arrangement  is  termed  a  reduclngr  motion,  because 
it  enables  us  to  take  an  indicator-card  which  will  be  less  in 
length  than  the  stroke  of  the  engine.  The  lever  is  held  in 
position  at  the  ceiling  by  a  pin  Uy  and  its  lower  end,  which 
is  slotted,  is  made  to  follow  the  motion  of  the  cross-head  by 
means  of  the  pin  W^  clearly  shown  in  the  figure.  The  pin  U 
should  be  directly  over  the  pin  W  when  the  cross-head  is  in 
the  center  of  its  stroke.  The  effective  length  of  the  lever 
[/  V  W  is  the  distance  [/  W  taken  when  the  cross-head  is 
in  the  center  of  its  stroke. 

2056*  To  determine  at  what  point  the  cord  of  the  in- 
dicator-drum is  to  be  fastened  to  the  lever,  in  order  to  give 
the  drum  a  rotary  movement  through  a  distance  equal  to 
the  length  of  the  indicator-card,  when  the  effective  length 
of  the  lever,  the  length  of  the  stroke  of  the  piston,  and  the 
length  of  the  card  are  given : 

Rule. — Multiply  the  effective  length  of  the  lever  in  inches 
by  the  length  of  the  card  in  inches ^  and  divide  this  product 
by  the  length  of  the  stroke  in  ijiches ;  the  quotient  is  the  dis- 
tance in  inches  below  the  center  of  the  pin  U  at  which  the 
cord  is  to  be  attached  to  the  lever. 

Example. — For  the  engine  shown  in  Fig.  670,  the  stroke  is  86 
inches ;  the  effective  length  of  the  lever  is  72  inches,  and  the  length  of 
card  desired  is  8.5  inches;  what  is  the  distance  of  the  point  on  the 
lever  below  the  center  of  the  fulcrum,  at  which  the  cord  is  to  be 

attached  ? 

^  72  X  8.5      _  . 

Solution. —    — ^ —  =  7  in.    Ans. 

If,  when  the  crank  is  on  the  head  dead-center,  we  pass  the 
cord  over  the  pulley  Z^  Fig.  679,  and  fasten  it  at  F,  after 
drawing  it  just  tight  enough  to  rotate  the  drum  through 
about  half  an  inch,  it  is  evident  that  when  the  engine  is 
running,  the  drum  will  be  given  a  rotary  motion,  backwards 
and  forwards,  corresponding  to  the  stroke  of  the  engine. 
The  cord  should  only  be  fastened  to  the  reducing  motion 
during  the  time  in  which  a  card  is  being  taken.  It  must 
also  be  remembered  that  the  length  of  the  indicator-diagram 
has  nothing  whatever  to  do  with  the  results  obtained  from 
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It,  but  is  made  less  than  the  stroke  because  the  drum  will 
not  rotate  so  great  a  distance. 


DIRECTIONS    FOR    TAKING    INDICATOR. 

DIAGRAMS. 

2057.  Having  everything  arranged  as  explained,  and 
the  engine  running  under  its  usual  load,  take  a  piece  of 
paper  about  seven  inches  long  and  three  and  one-half  inches 
wide,  and  fasten  it  around  the  drum  by  passing  the  ends 
under  the  card-holders  ;«,  Fig.  677.  Now,  connect  the  cord 
/  to  the  reducing  motion,  and  let  the  pencil-lead  at/  press 
lightly  against  the  drum  as  it  rotates.  A  straight  line  will 
be  made  on  the  paper.     This  is  the  atmospheric  line  A  Z^ 


Pig.  680. 

Fig.  681.  Next,  turn  the  cock  at  Q  so  as  to  admit  steam  to 
the  indicator  from  H^  Fig.  679,  the  head  end  of  the  cylinder, 
and  the  pencil-lead  will  move  up  and  down  as  the  piston  of 
the  engine  goes  forwards  and  back. 

Turn  the  cock  again  and  admit  steam  to  the  indicator 
from  the  crank  end  of  the  steam-cylinder,  and  the  pencil- 
lead  will  again  move  up  and  down,  having  in  each  case 
drawn  such  a  figure  on  the  paper  as  is  shown  in  Fig.  677 
on  the  drum.  In  Fig.  680  are  shown  the  head  and  crank 
cards,  H  and  C,  as  they  were  drawn  by  the  pencil  during 
the  two  strokes  of  the  piston. 

Before  removing  the  indicator-card  from  the  drum,  shut 
off  the  steam  and  disconnect  the  drum-cord  from  the  redu- 
cing motion. 
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2068.  In  Fig.  680,  H  is  the  diagram  from  the  head 
end  of  the  steam-cylinder,  and  C  is  the  diagram  from  the 
crank  end. 

If  desired,  these  may  be  taken  on  separate  pieces  of  paper, 
as  shown  in  Figs.  681  and  682.     The  actual  diagrams  shown 


9 


01 
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Pig.  081. 


in  Pig.  680  are  not  so  regular  as  the  theoretical  ones  in 
Fig.  672  (V),  The  different  points  of  the  stroke  are,  however, 
quite  clearly  defined. 


? 

? ? T-l 


tS    $    9,    ^    9    9    ^    q 


Fig.  682. 

Thus:  1  is  the  beginning  of  the  stroke. 
%  is  the  point  of  cut-off. 

5  is  the  point  of  release. 
-4  is  the  end  of  the  stroke. 

6  is  the  point  of  compression. 
Q  is  the  point  of  admission. 
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^-i  is  the  admission  line. 
1-2  is  the  steam  line. 
2-3  is  the  expansion  curve. 
S-Jir-5  is  the  period  of  release. 
JfS  is  the  back-pressure  line. 
5-6  is  the  compression  curve. 
AZ  is  the  atmospheric  line. 

2059.  To  determine  from  an  indicator-card,  taken 
from  the  cylinder  of  an  engine,  at  what  point  in  the  stroke 
of  the  engine  cut-off  occurs : 

Rule. — Measure  along  the  atmospheric  line  the  distance  in 
inches  between  the  extreme  projections  of  the  card.  Measure 
also  the  distance  in  inches  between  the  projections  of  the  points 
of  admission  and  cut-off  on  the  atmospheric  line^  and  divide 
the  latter  quantity  by  the  former. 

Example. — In  Fig.  681,  the  distance  between  A  and  Z  is  8.5  inches. 
The  distance  between  A  and  10  is  2.33  inches;   when  did  the  valve 

cut  off  ? 

2  33 
Solution. —    .^— -  =  .666  =  f;    therefore,   the  cut-oflf  occurs  at  f 

stroke.    Ans,  

INDICATED  HORSEPOWER. 

2060.  The  horsepo^nrer  developed  by  the  engine  may 
be  found  directly  from  the  area  of  the  indicator-diagram. 
It  is  more  convenient,  however,  to  use  the  diagram  to  find 
the  **  mean  effective  pressure  "  exerted  on  the  piston. 

2061.  The  mean  effective  pressure,  or  M.  £.  P., 

is  defined  as  the  average  net  pressure  urging  the  piston  for- 
wards during  its  entire  stroke  in  one  direction.  The  mean 
effective  pressure  may  be  found  in  two  ways: 

2062*  The  area  of  the  diagram  in  square  inches  may 
be  found  by  an  instrument  called  the  planimeter ;  the  M.E.P. 
is  then  found  by  dividing  the  area  of  the  diagram  in  square 
inches  by  the  length  of  the  diagram  in  inches^  and  multiply- 
ing by  the  scale  of  the  spring. 
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Example. — The  area  of  the  diagram  is  4.2  sq.  in.,  and  the  length  is 
8.5  in. ;  a  40  spring  being  used,  find  the  M.  E.  P. 

42 
Solution. —    -^-=  X  40  =  48  lb.  per  sq.  in.,  M.  E.  P.    Ans. 

2063.  Where  a  planimeter  is  not  available,  the  follow- 
ing method  of  finding  the  M.  E.  P.  is  fairly  rapid  and  accurate : 

Draw  tangents  to  each  end  of  the  diagram  perpendicular  to 
the  atmospheric  line.  Divide  the  horizontal  distance  between 
the  tangents  into  10  or  more  equal  parts,  {10  or  20  parts 
are  the  most  convenient^  but  any  other  fiumber  may  be  used.) 
Indicate  by  a  dot  on  the  diagram  the  center  of  each  division^  and 
drazv  lines  through  these  dots^  parallel  to  the  tangents^  from 
the  upper  line  to  the  lower  line  of  the  diagram.  On  a  strip 
of  paper  mark  off  successively  the  lengths  of  these  lines ^  the 
total  length  thus  representing  the  sum  of  all  the  lines.  Di- 
vide this  total  length  by  the  number  of  lines  used^  and  multiply 
the  quotient  by  the  scale  of  the  spring.  The  result  will  be  the 
M.  E,  P, 

Example. — The  projection  of  the  diagram  shown  in  Fig.  682  upon 

the  atmospheric  line  is  A  Z;  that  is,  lines  perpendicular  to  this  line, 

drawn  through  the  extreme  ends  1  and  4  of  the  diagram,  cut  it  (the 

atmospheric  line)  in  A  and  Z.     A  Z  is  divided,  in  this  case,  into  14 

equal  spaces.     The  length  of  each  of  the  perpendicular  lines  drawn 

through  the  diagram  opposite  the  centers  of  these  spaces  is  marked 

on  the  line  itself,  and  the  sum  of    these  lengths  is  18.11  inches. 

The  scale  of  the  spring  used  in  obtaining  the  diagram  was  40  pounds; 

18  11 
therefore,  — =^  X  40  =  51.74  pounds  per  square  inch  =  the  M.  E.  P.  of 

the  bottom-end  diagram. 

Example. — The  projection    of   the    diagfram,   Fig.  681,   upon  the 

atmospheric  line  is  the  distance  A  Z,  and  it  is  divided,  in  this  case, 

into  14  equal  spaces.     The  length  of  each  of  the  perpendicular  lines 

drawn  through  the  diagram  opposite  the  centers  of  these  spaces  is 

marked  on  the  line  itself,  and  the  sum  of  these  lengths  is  17.78  inches. 

17  78 
The  scale  of  the  spring  is  40  pounds ;  therefore,     '     X  40  =  50.8  pounds 

per  square  inch  =  the   M.  E.  P.  of  the  top-end  diagram. 

Therefore,  the  M.  E.  P.  in  the  cylinder  during  a  complete  revolution 

pf  %he  crank  is  — '■ — ^ —  =  51.27  pounds  per  square  inch. 
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2064.  The  reason  for  dividing  the  diagram  into  10  parts 

instead  of  some  other  number  is  that  it  shortens  the  work 

of  calculation.     Thus,  in  the  two  examples  just  given,  if  the 

number  of  divisions  had  been  10  instead  of  14,  and  the  sum 

of  the  ordinates  had  been  12.94  inches,  the  mean  ordinate 

12  94 
would  have  been      '      =  1.294  inches,  and  the  M.   E.  P., 

1.294  X  40  =  51.76  lb.  per  sq.  in.  All  that  is  necessary  is 
to  add  the  ordinates  and  shift  the  decimal  point  one  place 
to  the  left  to  obtain  the  mean  ordinate  when  the  diagram  is 
divided  into  10  equal  parts.  This  method  saves  the  time 
required  to  divide  by  some  inconvenient  number,  such  as  14. 

2065.  In  Figs.  681  and  682,  the  vertical  line  a  b  repre- 
sents the  boiler-pressure,  and,  therefore,  the  dotted  line  b  c 
is  the  line  that  the  indicator-pencil  would  trace  if  the  full 
boiler-pressure  were  maintained  until  point  of  cut-off.  The 
line  ^  ^  is  not  drawn  by  the  indicator  as  ordinarily  used ;  it 
has  been  added  for  sake  of  illustration. 

2066.  We  have  now  all  the  material  required  for  find- 
ing the  work  done  in  the  engine-cylinder  expressed  in 
horsepower  units. 

Work  is  the  product  of  force  into  the  distance  through 
which  it  moves.  In  the  case  of  the  engine-cylinder,  the 
total  force  is  the  M.  E.  P.  per  square  inch  multiplied  by  the 
area  of  the  piston ;  and  the  distance  moved  through  in  one 
minute  is  the  number  of  strokes  per  minute  multiplied  by 
the  length  of  the  stroke. 

2067.  Rule. — To  find  the  indicated  horsepower  devel- 
oped by  the  ejigme^  multiply  together  the  Jlf,  E.  P,  per  square 
inchy  the  area  of  the  piston  ^  the  length  of  stroke^  ajid  the 
number  of  strokes  per  minute.  This  gives  the  work  per  min- 
ute in  foot-pounds.  Divide  the  product  by  SSfiOO;  the  result 
will  be  the  indicated  horsepower  of  the  engine. 

Let  I.  H.  P.  =  indicated  horsepower  of  engine; 

P  =  M.  E.  P.  in  pounds  per  square  inch ; 
A  =  area  of  piston  in  square  inches; 
L  =  length  of  stroke  in  feet ; 
iV=  number  of  strokes  per  minute. 
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Then,  the  above  rule  may  be  expressed  thus: 

2068.  The  number  of  strokes  per  minute  is  twice  the 
number  of  revolutions  per  minute.  For  example,  if  an 
engine  runs  at  a  speed  of  210  revolutions  per  minute,  it 
makes  420  strokes  per  minute.  A  few  types  of  engines, 
however,  are  single-acting;  that  is,  the  steam  acts  on  only 
one  side  of  the  piston.  Such  are  the  Westinghouse,  the 
Willans,  and  others.  In  this  case,  only  one  stroke  per  revo- 
lution does  work,  and,  consequently,  the  number  of  strokes 
per  minute  to  be  used  in  the  above  rule  is  the  same  as  the 
number  of  revolutions  per  minute.  As  most  steam-engines 
are  double-acting,  no  mention  is  generally  made  of  this  fact. 
When  the  dimensions  of  an  engine  are  given,  unless  it  is 
stated  that  the  engine  is  single-acting,  it  may  be  assumed 
that  a  double-acting  engine  is  meant  and  that  work  is  done 
during  each  stroke. 

Example. — The  diameter  of  the  piston  of  an  engine  is  10  inches, 
and  the  length  of  stroke  15  inches.  It  makes  250  revolutions  per 
minute,  with  a  M.  E.  P.  of  40  pounds  per  square  inch.  What  is  the 
horsepower  ? 

Solution. — As  it  is  not  stated  whether  the  engine  is  single  or 
double  acting,  assume  that  it  is  double-acting.  Then,  the  number  of 
strokes  is  250  X  2  =  500  per  minute.     Applying  formula  143, 

T    H   P  -P^^  ^V_  40  X  it  X  (10»  X  .7854)  X  500  _  ^^  ,,  „ 
1.  H.  r.  _     gj^^^^^     _  gg^^^  _  ov.o  n.  r. 

2069«     Approximate  Determination  of  M.  E.  P.-~ 

To  approximately  determine  the  M.  E.  P.  of  an  engine, 
when  the  point  of  apparent  cut-off  is  known  and  the  boiler- 
pressure,  or  the  pressure  per  square  inch  in  the  boiler  from 
which  the  supply  of  steam  is  obtained,  is  given: 

Rule. — Add  H.7  to  the  gauge-pressure,  and  multiply  the 
result  by  the  number  opposite  the  fractioti  indicating  the  point 
of  cut-off  in  Table  4^.  Subtract  17  from  the  product  and 
multiply  by  .  9.  The  result  is  the  M,  E.  P.  for  good^  simple 
non-condensing  engines. 


N.  M.    11.-^ 
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Or,  letting  / 

k 

M.  E.  P. 

Then,     M.  E.  P. 


gauge-pressure ; 
a  constant  (see  Table  44) ; 
mean  effective  pressure. 
.9  [>&(/+ 14.7) -17]. 

TABLE    44. 


(144.) 


Cut-off. 

Constant. 

Cut-off. 

Constant. 

Cut-off. 

Constant. 

i 

.566 

1 

.771 

\ 

.917 

i 

.603 

.4 

.789 

.7 

.926 

i 

.659 

i 

.847 

\ 

.937 

.3 

.708 

.6 

.895 

.8 

.944 

i 

.743 

i 

.904 

1 
■ff 

.951 

2070.  If  the  engine  is  a  simple  condensing  engine, 
subtract  the  pressure  in  the  condenser  instead  of  17.  The 
fraction  indicating  the  point  of  cut-off  is  obtained  by  divi- 
ding the  distance  that  the  piston  has  traveled  when  the  steam 
is  cut  off  by  the  whole  length  of  the  stroke.  For  a  \  cut- 
off, and  92  pounds  gauge-pressure  in  the  boiler,  the  M.  E.  P. 
is,  by  the   formula   just  given,  .9[.917(92  +  14.7)  -  17]  = 

72.6  lb.  per  sq.  in. 

Example. — Find  the  approximate  I.H.P.  of  a  9'x  12'  non-condensing 
engine  cutting  off  at  \  stroke,  and  making  240  revolutions  per  minute. 
The  boiler-pressure  is  80  pounds,  gauge. 

Solution.—  80  +  147  =  94.7.  Using  formula  144  and  Table  44, 
the  constant  for  \  cut-off    is  .847,  and. 847  X  boilei;-pressure  =  .847  X 

94.7  =  80.21.     M.  E.  P.  =  (80.21  —  17)  X  .9  =  56.89  lb.  per  sq.  in.     Then, 
from  formula  143, 

T   w  P  -f'LA  iV_  56.89  X  tf  X  (.7854  X  9«)  X  240  X  2      ^^  ^,  „ 

~    33,000     ~  33,000  ~  ! 

Ans. 

2071.  Piston  Speed. — The  product  LN  oi  formula 

143  gives  the  total  distance  traveled  by  the  piston  in  one 

minute.    This  is  called  the  piston  speed.    It  is  usual  to  take 

the  stroke  in  inches.    Then,  to  find  the  piston  speed,  multiply 

the  stroke  in  inches  by  the  number  of  strokes,  and  divide  by 

IN 
12,  or,  letting  S  represent  the  piston  speed,  .S  =  -- -  ,  where 
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/  is  the  stroke  in  inches.  But  N=:2R  where  R  represents 
the  number  of  revolutions  per  minute.     Hence, 

c_^lN _  /x2/e_  IR  /l^JK^ 

•^ ""  "12" ""      12      ~  "T"-  ^14©.; 

Rule. — To  find  the  piston  speed  of  an  engine,  multiply  the 
stroke  in  inches  by  the  number  of  revolutions  per  minute,  and 
divide  the  product  by  6. 

Example. — An  engine  with  52-inch  stroke  runs  at  a  speed  of  66 
revolutions  per  minute.     What  is  the  piston  speed  ? 

Solution. — By  formula  145,  S=  —^  =  — 5 — =  572  ft.  per  min. 

Ans. 

The  piston  speeds  used  in  modern  practice  are  about  as 

follows: 

Ft.  per  min. 

Small  stationary  engines 250  to  600 

Large  stationary  engines 500  to  900 

Corliss  engines 400  to  750 

2072*     Friction  Horsepo^wer :  Net  Horsepo^wer. — 

Formula  143  gives  the  indicated  horsepower,  or  I.  H.  P.; 
that  is,  the  total  horsepower  developed  in  the  eagine-cyjin- 
der.  A  part  of  the  I.  H.  P.  is  used  in  overcoming  the 
friction  of  the  moving  parts  of  the  engine.  The  remainder 
is  available  for  doing  the  required  work. 

2073.  The  power  absorbed  by  the  engine  itself  is 
termed  the  friction  liorsepo^wer. 

2074.  The  power  available  for  doing  useful  work  is 
termed  the  net,  or  actual,  liorsepo^wer. 

The  actual  horsepower  of  any  engine  is  found  by  first 
computing  its  I.  H.  P.  from  a  set  of  indicator-diagrams 
taken  while  the  engine  is  running  under  full  load,  and  then 
subtracting  from  this  the  I.  H.  P.  computed  from  a  set  of 
indicatoi  -diagrams  taken  when  the  engine  is  running  under 
no  load,  but  making  the  same  number  of  revolutions  per 
minute  as  above.  The  horsepower  developed  by  the  engine 
in  this  last  case  will  only  be  sufficient  to  keep  the  working 
parts  of  the  engine  in  motion  at  the  same  speed. 
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For  example :  indicator-diagrams,  taken  from  an  engine 
while  running  under  full  load,  and  having  a  piston  speed  of 
498  feet  per  minute,  show  an  indicated  horsepower  of  242.7. 
With  the  same  piston  speed,  and  running  under  no  load,  the 
indicator-diagrams  show  an  indicated  horsepower  of  76.2. 
Then,  242.7  —  75.2  =  167.5  =  the  actual  horsepower  of  the 

engine. 

• 

2075.  The  mechaiiical  efficiency  of  an  engine  is 
the  ratio  of  the  actual  horsepower  to  the  indicated  horse- 
power;  or  it  is  the  per  cent,  of  the  mechanical  energy  de- 
veloped in  the  cylinder  which  is  utilized  in  the  doing  of 
useful  work. 

2076.  To  find  the  efficiency  of  an  engine,  when  the 
indicated  and  actual  horsepowers  are  known : 

Rule. — Divide  the  actual  horsepower  by  the  indicated 
horsepower. 

Let  N.  H.  P.  =  the  net,  or  actual,  horsepower; 
I.  H.  P.  =  the  indicated  horsepower; 
Ey^  =  efficiency  of  engine. 

Then,  E^  =  \^^'-  (146.) 

Example. — The  indicator-diagrams  taken  from  an  engine  ninning 
under  full  load  show  the  I.  H.  P.  to  be  288.5.  The  diagrams  taken 
when  the  engine  is  running  under  no  load  show  a  horsepower  of  89.7. 
(d)  What  is  the  net  H.  P.  developed  by  the  engine  ?  {!>)  What  is  the 
efficiency  of  the  engine  ? 

Solution.— (a)  Net  H.  P.  =  I.  H.  P.  -  friction  H.  P.  =  238.6  -  89.7  = 
198.8.     Ans. 

{b)  By  formula  146,  the  efficiency  is  ^ 

N.  H.  P.  _  198.8  _  op  ^      A 
I.  H.  P.  -  238:5  -  ^^•^-     ^^* 

The  mechanical  efficiency  of  a  good  engine  may  be  from 
75  to  90  per  cent. 

The  efficiency  of  steam-engines  varies  greatly;  it  is,  how- 
ever, usually  taken  at  66  per  cent,  in  all  approximate  deter- 
minations. That  is,  ordinary  practice  shows  that  with  the 
types  of  engine  commonly  used  only  about  .66  or  f  of  the 
power  developed  in  the  cylinder  is  actually  available. 
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2077.  We  will  now  consider  an  example,  to  show  how 
the  above  rules  may  be  used  in  practical  work. 

Example. — Determine  approximately  the  dimensions  of  a  single- 
cylinder,  non-condensing  engine  to  furnish  175  actual  horsepower. 

Solution. — The  I.  H.  P.  of  the  engine  will  be  about  i  greater  than 
the  actual  horsepower,  or  175  x  t  =  ^^• 

This  is  a  large  stationary  engine ;  therefore,  we  should  have  a  piston 
speed  of  between  600  and  900  feet  per  minute,  say  600  feet  per  minute. 

The  cut-off  may  be  taken  at  |  to  insure  good  results,  and  the  boiler- 
pressure  may  be  assumed  to  be  80  pounds  per  square  inch.  From 
formula  144,  the  M.  E.  P.  is  .9  X  [.904(80  -h  14.7)  —  17]  =  61.76  pounds 
per  square  inch. 

Letting  d  =  diameter  of  cylinder, 

T  TT  T,  _  ^^X.  7854X61. 75X600  _  ^^ 
1.  ±1.  f .  _  ^^^^  -  a^&\ 


,      J      262  X  33.000  .««.  .     .  ^r,  -     ^ 

^'         ^=r  .7854X61.75X600  =  ^^'^  ^^^^*^"'  ^^  ^^  ^'^^^^"- 

Taking  the  ratio  of  stroke  to  diameter  of  cylinder  as  1.6,  we  have 

stroke  =  17  X  15  =  25.5,  say  26  inches. 

600  V  6 
The  number  of  revolutions  of  the  crank  would  then  be  — ^^ — •  = 

138.6  revolutions  per  minute. 


BXAMPLBS  FOR  PRACTICE. 

1.  The  mean  effective  pressures  of  two  diagrams  taken  from  the 
two  ends  of  the  cylinder  of  an  18'  X  20"  non-condensing  engine,  run- 
ning at  200  R.  P.  M.  (revolutions  per  minute),  are,  respectively,  57.6  lb. 
per  sq.  in.  and  60.8  lb.  per  sq.  in.  long.  What  is  the  horsepower  of  the 
engine  ?  Ans.  304.885  H.  P. 

2.  The  area  of  an  indicator-diagram,  as  found  by  the  planimeter,  is 

2.76  square  inches.     The  length  of  the  diagram  is  2.4  inches,  and  the 

scale  of  the  spring  is  80.     What  is  the  M.  E.  P.  ? 

Ans.  844  lb.  per  sq.  in. 

8.  The  indicator-diagrams  from  an  engine  show  a  M.  E.  P.  of 
27.8  pounds  per  square  inch.  The  engine  has  a  26*  X  48'  cylinder,  and 
makes  68  revolutions  per  minute.  Calculate  the  I.  H.  P.  developed  by 
the  engine.  Ans.  288.94  H.  P. 

4.  Find  the  I.  H.  P.  developed  by  an  8'  X  12'  engine,  running  at  260 
revolutions  per  minute,  the  average  M.  E.  P.  being  32.61  pounds  per 
square  inch.  Ans.  25.88  H.  P. 

6.  {a)  What  is  the  piston  speed  of  the  engine  of  example  8  ?  {b)  o£ 
the  engine  of  example  4  ?  a^     j  {a)  544  ft. 

*  (  ifi)  520  ft 
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CONDENSERS. 

2078.  In  Fig.  683  is  shown  a  condenser,  of  which  Fig. 
684  is  a  sectional  view.  The  operation  of  this  condenser 
may  be  explained  as  follows :  When  steam  is  admitted  to 
the  steam- cylinder,  it  causes  the  piston  P  to  move  first  to 
the  right  and  then  to  the  left,  as  in  the  cylinder  of  a  steam- 
engine,  and  since  the  air-pump  piston  O  and  the  water- 
pump  piston  Q  are  both  rigidly  connected  to  P  by  the 
double  piston-rod  as  shown,  they  are  given  the  same  motion 


as  P,  with  the'  following  effect:  The  nozzle  at  M  is  con- 
nected by  piping  to  a  water-supply,  through  which  water  is 
drawn  into  and  discharged  from  the  circulating  or  water- 
pump  cylinder  by  the  movement  of  the  piston  Q,  in  the 
manner  clearly  shown  by  the  arrows,  Fig.  684.  The  valves 
S,  S  and  V,  V  are  automatically  opened  and  closed  by  the 
pressure  of  the  water  below,  and  by  the  pressure  of  the 
water  and  springs  above  them.  After  the  water  is  forced 
through  the  inlet  C  into  the  chamber  F,  it  flows,  as  is  indi- 
cated by  the  arrows,  through  the  inner  tubes  of  the  lower 
layer  of  double  tubing  to  the  left,  and  having  passed  through 
their  entire  length,  it  returns  through  the  space  between 
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the  outside  of  the  inner  and  inside  of  the  outer  tubes  into 
the  chamber  G.  Fig.  685  shows  more  clearly  the  arrange- 
ment o£  this  "double  tubing."     From  G,  Fig.  684,  it  passes 


through  E  to  J/,  and  from  H  Xo  I  through  the  upper  layer 
of  double  tubing,  as  has  already  been  explained.  From  / 
it  is  discharged  through  the  nozzle  D.  carrying  with  it  all 
the  heat  it  has  received  by  coming  in  contact  with  the  two 
layers  of  double  tubing. 

The  nozzle  at  A  is  connected  with  the  exhaust-pipe  of 
the  steam -cylinder  of  an  engine.  The  movement  of  the 
air-pump  piston  O  draws  air  through  the  orifice  B  from  the 


condenser-cylinder,  and  discharges  it  through  the  valves  and 
the  nozzle  K,  in  a  manner  clearly  indicated  by  the  arrows. 
The  valves  S ,  S'  and  F',  V  are  opened  and  closed  automat- 
ically by  the  pressure  of  the  air  beneath  them,  and  by  the 
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pressure  of  the  air  and  springs  above  them.  A  partial 
vacuum  is  created  in  the  condenser-cylinder  Y  by  the  action 
of  the  air-pump ;  this  reduces  the  back  pressure  of  the  steam 
on  the  engine  piston,  and  permits  the  exhaust  steam  to 
leave  the  engine-cylinder  with  much  less  resistance  than  it 
would  encounter  if  it  were  discharged  against  the  pressure 
of  the  atmosphere. 

As  the  exhaust  steam  enters  the  condenser-cylinder 
through  A^  it  strikes  a  scattering  plate  Z,  which  distributes 
It  among  the  tubes,  and  protects  the  upper  rows  of  tubing 
from  the  cutting  effect  of  a  direct  current  of  steam.  By 
coming  in  contact  with  the  cold  tubes  the  steam  is  condensed 
and  falls  to  the  bottom  of  the  condenser-cylinder  as  water; 
this  water  flows  through  B  to  the  air-pump  cylinder,  from 
which  it  is  discharged,  and  is  then  pumped  into  the  boiler 
before  cooling.  By  this  means  a  supply  of  boiler  feed-water 
is  obtained  at  a  temperature  nearly  as  high  as  that  of  the 
condenser. 

2079.  The  most  important  use  of  the  condenser,  how- 
ever, is  by  means  of  the  partial  vacuum  produced  by  the 
condensation  of  the  steam  to  relieve  the  exhaust  side  of  the 
piston  from  the  pressure  of  the  atmosphere.  Without  a 
condenser  the  exhaust  must  be  forced  out  of  the  cylinder 
against  the  pressure  of  the  outside  air,  about  14.7  pounds  per 
square  inch,  and  this  pressure  must  be  overcome  by  the  pres- 
sure of  the  steam  on  the  other  side  of  the  piston.  With  a 
good  condenser  the  pressure  against  which  the  exhaust  must 
leave  the  cylinder  is  reduced  to  not  more  than  3  or  4  pounds 
per  square  inch.  There  is  thus  an  increase  in  the  effective 
pressure  which  can  be  obtained  with  a  given  boiler  pressure. 
This  results  in  an  increase  in  the  power  which  the  engine  can 
develop,  together  with  a  reduction  in  the  steam  required  to 
do  a  given  amount  of  work.  To  illustrate,  consider  the 
cards  shown  in  Figs.  681  and  682.  If  the  pressure  in  the 
condenser-cylinder  were  12  pounds  below  the  pressure  of  the 
atmosphere,  it  is  evident  that  the  initial  pressure  need  have 
been  only  60  —  12  =  48  pounds  per  square  inch,  in  order  to 
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IS 


have  produced  the  same  cards.  The  atmospheric  line  drawn 
by  the  indicator  pencil  would  have  been  ata  z  at  sl  scale  dis- 
tance of  12  pounds  above  the  old  atmospheric  line  A  Z, 
or  6  pounds  above  the  back  pressure  line  4-^-  In  effect 
every  point  on  the  card  would  be  lowered  a  scale  distance 
of  12  pounds. 


STEAM-ENGINE  GOVERNORS. 

2080«  Steam  -  enfflne  governors  are  mechanical 
devices  which  automatically  regulate  the  steam-supply  of 
an  engine,  so  that  when  the  load  on  the  engine  is  increased 
or  decreased,  or  when  the  steam-pressure  under  which  it 
operates  changes,  the  speed  of  the  engine  will  remain  con- 
stant. It  must  not,  however,  be  thought  that  the  duty  of 
the  governor  is  to  adjust  the  working  conditions  of  an  en- 
gine to  any  sudden  variation  of  steam-pressure  or  load  that 
may  occur  during  the  time  of  a  single  stroke  of  the  piston. 
It  is  the  office  of  the  fly-wheel  to  respond  to  these  rapidly 
changing  conditions,  and  by  the  resistance  which  it  offers 
to  any  rapid  change  in  its  velocity,  to  gradually  absorb 
this  sudden  force  in  increasing  and  decreasing  the  number 
of  its  revolutions  per  minute.  When  the  engine  is  not  sup- 
plied with  a  fly-wheel,  there  are  other  rotating  parts,  such 
as  the  drum  of  a  hoisting-engine,  which  serves  the  same 
purpose.  Any  variation  of  the  speed  of  the  fly-wheel  is, 
however,  met  by  the  action  of  the  governor,  which  in- 
creases or  decreases  the  steam-supply,  and  thereby  restricts 
the  velocity  of  the  fly-wheel  within  certain  limits.  The 
principle  that  insures  the  action  of  all  steam-engine  gov- 
ernors is  that  of  the  equalization  of  two  opposing  forces, 
which  will  occur  only  when  the  engine  is  running  at  its 
proper  speed.  Any  variation  of  the  speed  tends  to  give  one 
of  these  forces  an  increase  over  the  other,  which  is  expended 
in  moving  some  mechanism  for  the  adjustment  of  the  steam- 
supply. 
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2081.  Steam-engine  governors  may  be  divided  into 
two  classes:  (1)  Throttling  grovernors,  which  throttle 
the  steam  in  the  supply-pipe,  and  (2)  automatic  or 
adjustable  cut-off  sovernors,  which  regulate  the  steam- 
supply  by  changing  the  point  of  cut-off  of  the  valve. 

2082.  Throttling  governors  are  usually  of  the  pendulum 
or  fly-ball  type.  One  of  these  is  quite  clearly  shown  at  >&,  m, 
m\  ;/,  0^  Fig.  667.  When  the  engine  is  running,  a  rotary 
motion  is  given  to  the  pulley  n  by  means  of  the  belt  which 
runs  over  a  pulley  rigidly  fastened  to  the  crank-shaft.  This 
motion  is  transmitted  through  the  bevel-gears  seen  at  o  to 
the  spindle  k,  which  is  secured  to  the  fly-balls  m  and  m\ 

2083.  Suppose  the  engine  to  be  running  at  its  proper 
speed ;  a  balance  will  then  exist  between  the  gravity  force 
and  the  centrifugal  force  due  to  the  rotary  motion,  both  of 
which  are  acting  on  the  balls.  If,  now,  from  any  cause,  the 
speed  lessens,  the  centrifugal  force  will  diminish,  and  gravity, 
acting  on  the  balls,  will  pull  them  down.  This  movement 
on  the  part  of  the  balls  will,  in  turn,  be  imparted  to  a  bal- 
anced throttle-valve,  which  will  be  opened  wider,  causing  an 
increase  in  the  initial  pressure  of  the  live  steam.  The  live 
steam  will  now,  in  consequence  of  the  additional  amount  of 
work  it  is  capable  of  doing,  exert  more  energy  on  the  piston 
and  bring  the  speed  back  to  its  proper  point.  If,  on  the 
other  hand,  the  speed  be  increased,  the  fly-balls  will  rise 
upwards  in  consequence  of  the  centrifugal  force  becoming 
greater  than  the  attraction  of  gravity,  and  the  steam  orifice 
of  the  throttle-valve  will  be  diminished  in  area.  This  will 
lower  the  initial  pressure;  the  steam  will  consequently 
exert  a  less  effort,  and  the  speed  will  drop  to  its  proper  point. 

2084.  As  an  example  of  the  automatic  adjustable  cut- 
off governor,  of  which  there  are  many  forms,  we  will  con- 
sider that  usually  employed  on  the  Corliss  type  of  engines, 
the  valve-gear  of  which  has  already  been  described  in  Art. 
2053. 

Referring  to  Fig.  686,  we  see  that  a  rotary  motion  is 
imparted  to  the  fly-balls  m^  w,  by  means  of  a  belt/,  pulleys 
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H  and  r,  and  bevel-gear  connection  u,  similar  to  that  already 
described  when  stating  the  principle  of  the  throttling  gov- 
ernor. 

Suppose  that  the  engine  is  running  at  its  proper  speed. 
The  fly-balls  will  then  be  held  in  their  normal  f)osition  by 
the  balance  existing  between  the  centrifugal  and  gravity 
forces  acting  on  the  fiy-balls  m,  m.  Suppose,  now,  the  speed 
of  the  engine  increases  from  any  cause  whatever;  the  cen- 
trifugal force  acting  on  the  fly-balls  will  also  increase  and 
will   continue   to  pull   them  out,    that   is,  to   increase   the 


diameter  of  the  circle  in  which  they  rotate,  until  a  new 
balance  is  effected  between  it  and  the  attraction  of  gravity. 
This  movement  of  the  fly-balls  will  be  transmitted  to  the 
lever  D,  causing  it  to  turn  slightly  about  its  center  in 
the  direction  of  the  arrow  X.  The  movement  of  D  will 
cause  the  trip-collars  G  and  G',  Fig.  675,  to  turn  through  a 
small  angle  in  such  a  direction  that  their  projections  a  and 
a'  will  unhook  the  disengaging  links  /  and  /'  earlier  in  the 
stroke  of  the  engine.  This  will  cause  the  point  of  cut-off  to 
occur  earlier  in  the  stroke,  and  a  decrease  in  the  speed  of  the 
engine,  on  account  of  the  reduction  in  the  amount  of  steam 
admitted  to  the  cylinder  and  an  increased  ratio  of  expansion 
of  the  steam  under  the  same  initial  pressure.  Should  the 
speed  from  any  cause  diminish,  a  reverse  operation  would 
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be  the  result  of  the  action  of  the  governor.  The  fly-balls 
would  drop  slightly;  i?  would  turn  as  indicated  by  the  arrow 
U,  and  the  trip  collars  G  and  G'  would  be  rotated  in  such  a 
manner  as  to  cause  their  projections  a  and  a'  to  unhook  the 
disengaging  links  /  and  /'  later  in  the  stroke;  the  cut-off 
would  then  occur  later  in  the  stroke,  and  a  diminished  ratio 
of  expansion  at  the  same  pressure  would  bring  the  speed  up 
to  its  proper  point  again. 

SPECIAL  TYPES  OF  ENGINES. 


HOISTING-ENGINES. 

208S.     A  bolBtlnK-englne  is  usually  a  combination  of 

two  single-cylinder  engines  of  exactly  the  same  description 


Fig,  687. 
and  dimensions,  which  have  their  cranks  rigidly  connected 
to  a  common  crank-shaft,  and  take  steam  at  the  same  pres- 
sure. Such  a  combination  is  called  a  duplex  enslne.  In 
order  to  prevent  the  possibility  of  both  cranks  being  on  a 
dead  center  at  the  same  moment,  one  crank  is  placed  a  dis- 
tance of  one  right  angle  in  advance  of  the  other.  In  Fig. 
687  is  shown  such  an  engine.  The  large  double  spiral  drum 
performs  the  duty  of  a  fly-wheel,  while  also  doing  duty  as 
the  drum  on  which  the  ropes  C  and  C  are  wound  and  un- 
wound.    It  is  evident  that  the  engine  must  be  so  constructed 
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that  the  direction  of 
rotation  of  the  drum 
maybe  reversed  at  will. 
This  introduces  a  new 
feature,  namely,  a  re- 
verslne-ffear,  which 
must  form  a  part  of 
every  engine  of  which 
the  direction  of  motion 
is  to  be  reversed.  The 
most  common  form  of 
reversing-gear  is  the 
Stephenson  link-mo- 
tion, which  can  be  partly 
seen  in  Fig.  087,  but  is 
more  clearly  shown  in 
Fig.  688;  the  lettering, 
however,  applies  alike 
to  both  figures. 

2086.     Let     O    be 

the  center  of  rotation 
of  the  crank  C,  and  sup- 
pose the  arrow  to  rep- 
resent the  forward  ro- 
tation of  the  engine. 
Then,  A  will  be  the 
forward  eccentric  and 
B  the  backward  eccen- 
tric; E  will  be  the  for- 
ward eccentric-rod,  and 
F  the  backward  eccen- 
tric-rod. 

The  forward  eccen- 
tric, for  reasons  already 
explained,  must  be 
slightly  more  than  a 
right  angle  in  advance 
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of  the  crank  when  it  is  directly  connected,  since  it  is  to  supply 
the  means  of  operating  the  slide-valve  when  the  engine  is  ro- 
tating forwards.  The  parts  as  shown  are  in  the  positions 
required  to  rotate  the  engine  forwards.  For  the  same  reason, 
the  backward  eccentric  B  must  be  slightly  more  than  a  right 
angle  behind  the  crank,  when  the  engine  is  rotating  forwards, 
so  that  when  the  engine  is  reversed,  and  f  takes  the  place  of 
d^  B  may  be  in  advance  of  the  crank  when  the  engine  ro- 
tates backwards. 

L  is  the  reversing-link ;  it  has  the  form  of  an  arc  of  a 
circle  whose  radius  equals  O  c.  The  link-block  W  forms  the 
connection  between  the  valve-stem  Fand  link  Z,  and  makes 
it  possible  for  L  to  be  moved  through  a  distance  f  d. 

There  is  a  joint  between  E  and  L  sit  d,  and  another 
between  E  and  Z  at  /!  N  is  b.  bell-crank,  and  is  rigidly 
connected  to  the  **  tumbling  "  shaft  A',  which  is  held  in  posi- 
tion by  means  of  bearings.  It  is  also  jointed,  as  shown,  to 
the  lifting-rod  A/  and  the  reach-rod  ^ ;  -^  is  connected  to 
the  center  c  of  the  link  Z,  and  the  reach-rod  o  is  connected 
at  z  to  the  reversing-lever  P,  which  swings  about  Q  sls  Si 
center,  and  when  moved  is  caught  and  held  in  its  posi- 
tion by  the  spring-latch  x  catching  in  the  notches  of  the 
sector  T,  S  is  simply  a  counterbalance  which  balances  the 
weight  of  the  other  parts  about  -^  as  a  center. 

2087.  By  a  movement  of  the  reversing-lever  P^ 
through  the  length  of  the  sector  from  the  notch  at  x  to  the 
notch  ^,  the  point  /  is  brought  in  line  with  a,  and  so 
changes  the  relative  position  of  the  slide-valve  (that  is,  of 
the  port-openings,  etc.),  that  the  engine  can  no  longer 
rotate  as  indicated  by  the  arrow,  but  must  reverse  its  direc- 
tion in  consequence  of  the  full  steam-pressure  being  brought 
to  bear  on  the  opposite  side  of  the  piston,  as  a  result  of  this 
movement  of  the  valve.  Another  important  point,  in  con- 
nection with  this  link-motion,  is  the  fact  that  if  the  revers- 
ing-lever is  moved  and  secured  so  as  to  bring  a  between  d 
and  c,  the  valve-travel  will  be  reduced,  and  the  admission- 
port  opening  diminished,  directly  as  the  distance  between 
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a  and  r,  in   a*^  new  position.     When  c  reaches  a^  there  will 
be  no  travel  of  the  valve,  and  for  points  between  c  and  f 
the  valve-travel  will  again  increase  directly  as  the  distance 
between  a  and  c  increases. 

This  means  that,  as  in  the  case  of  an  automatic  governor, 
we  can  adjust  the  steam-supply  to  the  load  on  the  engine 
for  either  forward  or  backward  rotation  of  the  crank  by  a 
simple  movement  of  the  reversing-lever  P^  which,  in  this  case, 
operates  the  reversing-gears  of  both  cylinders  in  Fig.  687. 

2088.  This  class  of  engines,  as  a  rule,  however,  are 
governed  by  hand,  by  making  use  of  the  throttle-valve 
shown  at  J^  and  operating  it  by  the  lever  K  to  check  the 
flow  of  the  steam-supply,  as  in  the  case  of  the  throttling 
governor.  H  is  the  main  steam-supply  pipe,  and  steam  is 
admitted  to  both  cylinders  at  the  same  pressure  through 
the  branch  pipes  /and  /'. 

2089.  Hoisting-engines  are  said  to  be  first-motion 

eflffines  when  the  drum  is  fastened  directly  on  the  crank- 
shaft, as  shown  in  Fig.  687,  and  second-motion  engines 
when  the  rotary  motion  is  imparted  to  the  drum  through 
the  medium  of  a  small  gear-wheel  fastened  on  the  crank- 
shaft, which  meshes  with  a  large  gear-wheel  on  the  drum- 
shaft.  

HAULAGE-ENGINES. 

2090*  Haulage-engines,  as  in  the  case  of  hoisting- 
engines,  usually  consist  of  two  single-cylinder  engines  of 
exactly  similar  dimensions,  taking  steam  from  the  same 
source,  and  at  the  same  pressure.  They  are  placed  side  by 
side,  transmit  power  through  the  same  shaft,  and  have  their 
cranks  at  right  angles  to  each  other.  There  are,  however, 
slight  differences  in  the  conditions  under  which  these  engines 
operate  in  the  ** tail-rope"  and  ** endless-rope "  systems, 
which  necessitate  slight  differences  in  their  construction 
and  operation. 

2091*     The    tail-rope    haulage-engine    is    one   of 

exactly   the    same    type    as    the    hoisting-engine    already 
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described  in  Fig.  687,  except  that  the  winding  drums  are 
usually  parallel  instead  of  conical.  They  should  be  reversi- 
ble, and,  since  their  speed  varies,  are  usually  governed  by  a 
throttle- valve  operated  by  hand.  They  are  also  supplied 
with  a  suitable  brake. 


2092.     An  endless-rope  baulaffe -engine  is  shown 
in  Fig.  689.     The  engines  A  and  B  are  connected  to  the 


same  shaft  S,  and  transmit  a  rotary  motion  to  the  drum  Z> 
through  the  gear-wheels  AT  and  A',  an  arrangement  which 
constitutes  a  sironii-motion  engine.  The  wire  haulage-rope 
passes  first  over  the  drum  D,  and  is  then  carried  over  the 
drum  C,  and,  after  being  wound  over  them  both,  it  passes 
off  the  larger  drum.  Since  the  rope  is  endless,  that  is, 
since  its  ends  are  spliced  and  it  passes  over  a  wheel  at  the 
other  end  of  the  line,  there  is  no  necessity  of  reversing  the 
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engine;  therefore,  it  is  operated  at  a  constant  speed  and  is 
regulated  by  a  throttling  or  automatic  governor. 

FAN-ENGINES. 

2093*  Fan-engines  do  not  of  themselves  form  a  separate 
and  distinct  class  which  may  be  considered  under  this  head 
on  account  of  any  marked  peculiarity  of  construction  which 
they  possess.  We  may  employ,  in  the  driving  of  a  fan,  any 
engine  which  is  capable  of  developing  the  necessary  amount 
of  power  to  operate  the  fan  at  the  required  speed.  It  is, 
therefore,  evident  that  such  an  engine  may  be  of  either  the 
simple,  duplex,  compound,  or  other  form,  its  type  being 
usually  determined  by  a  careful  consideration  of  the  power 
it  is  to  develop  and  the  pressure  under  which  it  is  to  be 
operated. 

COMPOUND  ENGINES. 

2094*  Compound  engines  are  those  having  two  cylin- 
ders of  which  the  working  lengths  are  the  same,  but  the 
diameter  of  one,  the  blffb-pressure  cylindery  is  less 
than  that  of  the  other,  the  lo^w-pressure  cylinder.  In 
these  engines  the  expansion  of  the  steam  is  only  partially 
effected  in  the  high-pressure  cylinder,  and  on  being  exhausted 
from  it,  passes  into  an  intermediate  chamber  which  serves  as 
a  reservoir,  called  the  receiver^  from  which  the  low-pressure 
cylinder  draws  its  supply  of  steam.  In  the  low-pressure 
cylinder  the  expansion  of  the  steam  is  continued  and  com- 
pleted ;  and  from  here  it  either  passes  into  the  open  air  or 
into  a  condenser. 

2095«  The  chief  advantage  of  compounding  is  that  a 
greater  range  of  expansion  can  be  obtained  than  is  economical 
in  a  single  cylinder.  With  a  great  range  of  expansion  there 
is  a  correspondingly  great  difference  in  the  temperature  of 
the  steam  from  the  boiler  and  the  temperature  of  the  exhaust. 
The  walls  of  the  cylinder  are  alternately  heated  by  the  hot 
steam,  a  part  of  which  condenses  by  the  process,  and  cooled 
by  the  exhaust.      The  heat  taken  from  the  cylinder  walls 
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and  carried  away  by  the  exhaust  is  almost  a  total  loss.  By 
allowing  the  steam  to  expand  successively  in  two  or  more  cyl- 
inders, the  range  in  temperature  in  each  cylinder  is  reduced. 
This  reduces  the  quantity  of  steam  condensed  in  the  cylin- 
der and  the  quantity  o£  heat  carried  out  by  ,the  exhaust. 

2096.  The  tafldem-compound  engine,  shown  in 
Fig.  690,  is  one  of  the  most  common  types  of  the  stationary 
compound  engine.  In  this  type  the  high-pressure  cylinder 
a  is  usually  placed  directly  behind  the  low-pressure  cylin- 
der i,  both  pistons  being  connected  to  the  same  piston-rod. 
The  exhaust  of  the  high-pressure  cylinder  is  carried  in  any 
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convenient  manner  to  the  low-pressure  cylinder,  but  the 
more  direct  the  conducting  passages  are,  the  better.  This 
form  of  construction  has  one  great  advantage  of  furnishing 
a  comparatively  cheap  method  of  compounding,  as  the 
extra  cost  is  only  a  little  more  than  that  of  the  additional 
cylinder  and  its  valve-gear.  Being  compact,  it  also  takes  up 
but  very  little  more  room  than  a  single-cylinder  engine. 

2097.  Cross-compound  engines  are  those  in  which 
the  two  cylinders,  each  being  in  itself  a  complete  engine, 
just  as  in  the  case  of  the  duplex  hoisting  and  haulage  en- 
gines already  described,  .ire  placed  side  by  side  and  have 
their  cranks  connected  at  right  angles  on  a  common  shaft. 
In  this  case,  as  above,  the  steam  from  the  high-pressure 
cylinder  is  exhausted  into  a  receiver  or  chamber  from  which 
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the  low-pressure  cylinder  draws  its  steam-supply  without 
seriously  affecting  the  working  of  the  steam.  This  class  of 
engine  has  the  advantage  over  the  tandem  type  of  running 
much  smoother  on  account  of  the  more  perfect  balancing  of 
the  rotating  parts.  It  is  generally  used  in  large  construc- 
tions where  the  tandem  type  would  not  be  practicable.  In 
compound  engines,  the  initial  steam-pressure  ranges  from 
60  to  125  pounds  per  square  inch,  with  ratios  of  expansion 
varying  from  3  to  11. 

2098*  Triple-expansion  engines  are  three-cylinder 
compound  engines.  In  these,  high  initial  pressures  of  from 
120  to  250  pounds  per  square  inch  and  ratios  of  expansion 
varying  from  9  to  27  are  used.  As  in  the  case  of  the  com- 
pound engine,  the  steam  passes  through  each  of  the  three 
cylinders  of  the  triple-expansion  engine  before  being  finally 
expelled.  As  a  general  rule,  engines  of  this  type  are 
employed  only  where  a  large  amount  of  power  is  required. 

2099.  Sinsle-actins  engines  are  those  which  take 
steam  during  only  one  of  the  two  strokes  of  a  revolution ; 
that  is,  steam  is  admitted  to  the  cylinder  during  the  forward 
stroke  of  the  piston,  but  is  shut  off  during  the  return  stroke. 
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THEORETICAL  CHEMISTRY. 


DBFINITIONS. 

1.  Definition  of  Chemistry.  —  Chemistry  is  that 
science  which  treats  of  the  composition  of  matter,  of  the 
changes  produced  therein  by  heat  and  other  natural  forces, 
and  of  the  action  and  reaction  of  different  kinds  of  matter 
on  each  other. 

2.  Division  of  Chemistry. — Chemistry  is  divided  into 
inorganic  and  organic  chemistry. 

Inorsanic  chemistry  may  be  defined  as  the  chemistry 
of  the  elements  and  their  compounds. 

Organic  chemistry  is  the  chemistry  of  the  carbon 
compounds. 

These  two  parts  are  separated,  not  because  any  difference 
exists  in  the  laws  regulating  the  formation  of  the  bodies 
classed  under  these  two  great  divisions,  but  because  the 
number  of  compounds  which  have  to  be  studied  under 
organic  chemistry  is  so  large  and  their  constitution  fre- 
quently so  complicated,  that  they  are  best  considered  after 
the  more  simple  inorganic  compounds  have  been  studied. 

3.  Definition  of  Matter. — The  word  matter^  as 
used  above,  is  employed  scientifically  to  signify  anything 
which  has  weight,  i.  e.,  which  is  acted  on  by  gravitation. 
Stones,  earth,  water,  and  even  gases,  are  matter. 

4.  Division  of  Matter. — Three  divisions  of  matter  are 
recognized  in  science:  masses^  molecules^  and  atoms. 

For  notice  of  copyright,  see  paife  immediately  following  the  title  page. 
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A  mass  of  matter  is  any  portion  of  matter  appreciable  by 
the  senses. 

A  molecule  is  the  smallest  particle  of  matter  into  which 
a  body  can  be  divided  without  losing  its  identity  and  which 
can  exist  in  a  free  state. 

An  atom  is  the  smallest  particle  of  simple  matter  which 
can  enter  into  the  composition  of  a  molecule. 

A  mass  of  matter  is  made  up  of  molecules,  and  a  molecule 
itself  is  composed  of  atoms. 

Examples. — The  sun  and  a  grain  of  sand  are  equally 
masses  of  matter.  The  smallest  particles  of  sugar  or  of 
salt,  which  show  the  properties  of  these  substances,  respect- 
ively, are  molecules  of  sugar  and  of  salt.  The  still  smaller 
particles  of  carbon,  of  hydrogen,  and  of  oxygen,  which  make 
up  the  molecule  of  sugar,  or  those  of  chlorine  and  of  sodium 
which  compose  the  molecule  of  salt,  are  atoms. 

6*  Bodies  are  composed  of  collections  of  molecules. 
They  exist  in  three  different  forms  or  conditions:  solid^ 
liquid^  Sind  gaseous. 

6.  Specific  Gravity. — The  specific  gravity  of  a  body 
is  the  weight  of  a  volume  of  it  compared  with  that  of  an 
equal  volume  of  some  other  body  selected  as  a  standard. 

The  standard  selected  for  solid  and  liquid  bodies  is  pure 
water  at  a  temperature  of  15.5^  C. ;  for  gaseous  bodies  pure 
dried  air  is  selected  as  the  standard;  the  comparison  of 
weight  of  gaseous  bodies  has  to  take  place  under  the  same 
conditions,  that  is,  at  the  same  temperature  and  the  same 
atmospheric  pressure. 

7.  Analysis  and  Synthesis. — To  ascertain  the  com- 
position of  molecules,  two  methods  are  employed : 

Analysis,  which  consists  in  separating  the  molecule  into 
its  constituent  atoms. 

Synthesis,  which  consists  in  putting  together  the  constit- 
uent atoms  to  form  the  molecule. 

8*  Attraction  of  Matter. — Matter  is  maintained  in 
its  normal  state,  throughout  the  universe,  by  the  action  of 
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three  most  important  forces:  gravitation^  cohesion^  and 
chemistn  or  affinity. 

Gravity  acts  through  all  space  and  exerts  an  attraction 
between  all  matter. 

Coliesioii  acts  only  across  non-appreciable  distances, 
holding  together  the  molecules  of  solids,  and  to  some  degree 
those  of  liquids  also. 

Affinity  or  Glieinisni  holds  together  the  atoms  which 
form  a  molecule ;  it  modifies  the  molecules  themselves,  and 
brings  heterogeneous  substances  into  intimate  relation,  and 
thus  produces  new  molecules.  Affinity  differs  in  one  par- 
ticular from  the  other  natural  forces ;  these  are  capable  of 
acting  through  a  distance,  but  affinity  acts  only  when  there 
is  absolute  contact  between  the  substances  participating  in 
it.  The  action  of  atoms  upon  each  other  by  virtue  of  their 
affinity  is  termed  a  GbemiGal  action  or  ctiemical  clianse. 

9«  Indestructibility  of  Matter. — By  the  careful 
examination  of  all  known  cases  of  chemical  action,  it  has 
been  positively  proved  that  a  loss  of  matter  never  occurs^ 
that  matter  is  indestructible y  and  that  when  chemical  actions 
occur,  only  a  change  of  state,  but  never  an  annihilation  of 
matter,  takes  place. 

Example. — The  burning  of  a  candle  in  the  air  is  a  chem- 
ical action,  and  although  the  candle  gradually  disappears,  the 
materials  of  which  it  is  made  are  not  destroyed  or  lost ;  they 
simply  pass  into  a  state  invisible  to  the  eye,  but  their  pres- 
ence may  easily  be  ascertained  by  other  means. 


MOLECULES    AND    ATOMS. 


MOLBCULGS. 

lO*     Division  of  Molecules. — Molecules  are  formed 
by  the  union  of  atoms;  they  may  be  divided  into  two  classes: 

(1)  Elemental    molecules,  in    which  the   atoms  are 
alike. 

(2)  Compound    molecules,  in  which  the   atoms  are 
unlike. 
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Matter  made  up  of  molecules  containing  similar  atoms  is 
called  simple  or  elementary  matter;  matter  whose  molecules 
are  composed  of  dissimilar  atoms  is  called  compound  matter. 

1  !•  Elemental  Molecules. — Elemental  molecules  may 
be  distinguished  from  compound  molecules  by  causing  a 
rearrangement  of  the  atoms  between  two  similar  molecules. 
Elemental  molecules  do  not  produce  a  new  kind  of  matter, 
whereas  compound  molecules  yield  elemental  molecules, 
which,  of  course,  are  different  in  kind. 

Example. — Let  us  assume  that  a  a  and  a  a  are  two  mole- 
cules, each  composed  of  two  atoms  a  and  a ;  then  by  a 
rearrangement,  a  a  and  a  a  will  always  result.  Should, 
however,  the  molecules  be  ^  ^  and  a  b^  each  composed  of 
the  dissimilar  atoms  a  and  by  then  by  a  rearrangement  of 
these  atoms,  the  elemental  molecules  a  a  and  b  b  would 
result. 

12*  Number  of  Elemental  Molecules. — By  effect- 
ing this  rearrangement  with  all  the  various  kinds  of  matter 
known,  the  number  of  elemental  molecules  composing  mat- 
ter with  which  we  are  familiar  has  been  approximately  ascer- 
tained. The  number  known  so  far  is  between  seventy  and 
eighty,  and  as  each  elemental  molecule  is  made  up  of  atoms 
of  the  same  kind,  it  is  obvious  that  the  number  of  the  differ- 
ent kinds  of  atoms  must  also  be  between  seventy  and  eighty. 

13*  Names  of  Elemental  Molecules. — The  ele- 
mental molecules  and  their  constituent  atoms  have  the  same 
name.  Generally  this  name  is  given  by  the  discoverer, 
either  in  allusion  to  some  special  property  of  the  body  or 
to  its  origin,  association,  etc. 

Examples. — Chlorine,  a  greenish-yellow  gas,  obtained  its 
name  from  x^^P^^i  the  Greek  name  for  pale  green ;  caesium 
from  the  Latin  word  caesius,  which  means  sky-blue,  because 
there  are  two  bright  blue  lines  in  its  spectrum.  In  other 
cases,  the  name  is  the  one  by  which  the  body  is  familiarly 
known,  such  as  gold,  silver,  lead,  etc. 
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14.  Size  and  Welslit  of  Elemental  Molecules. — 

According  to  the  law  of  Ava^adro — ''Equal  volumes  of 
all  bodies  in  the  gaseous  state^  under  similar  conditions  of 
temperature  and  pressure^  contain  the  same  number  of  mole- 
cules"— it  follows: 

(1)  That  the  molecules  of  all  bodies  in  the  gaseous  state 
must  be  of  the  same  size. 

(2)  That  the  weight  of  any  molecule,  compared  with 
that  of  hydrogen,  is  proportional  to  the  weight  of  any  given 
volume  also  compared  with  the  same  volume  of  hydrogen. 

15.  Number  of  Atoms  In  tbe  Hydrogen  Mole« 
cule. — Assuming  a  given  volume  of  hydrogen — say  one  liter 
contains  500  molecules  of  it — then,  according  to  the  above 
quoted  law,  one  liter  of  chlorine  will  also  contain  500  mole- 
cules of  chlorine.  On  mixing  these  two  volumes  of  hydro- 
gen and  chlorine  and  exposing  them  to  the  sunlight,  a  new 
substance,  hydrochloric  acid,  is  obtained,  and,  of  course, 
1,000  molecules  of  it.  On  analyzing  a  molecule  of  hydro- 
chloric acid,  we  find  it  to  be  composed  of  one  atom  of 
hydrogen  and  one  atom  of  chlorine.  Hence,  as  1,000  mole- 
cules of  hydrochloric  acid  have  been  obtained,  each  mole- 
cule of  hydrogen  and  each  molecule  of  chlorine  must  have 
furnished  two  atoms  respectively.  Thus  we  come  to  the  con- 
clusion that  one  molecule  of  hydrogen  contains  two  atoms. 

16.  Molecular  Weiglit. — Since  one  molecule  of 
hydrogen  contains  two  atoms,  then,  assuming  the  weight  of 
one  atom  of  hydrogen  to  be  1,  its  molecular  weight  must 
be  2.  Therefore  the  molecular  weight  of  an  element  or 
compound  is  determined  by  the  number  of  times  that  a  given 
volume  of  it,  in  the  form  of  gas  or  vapor,  is  heavier  than 
an  equal  volume  of  the  gas  whose  molecular  weight  is  to 
serve  as  the  standard.  This  value  is  known  as  the  vapor 
density  of  the  element  or  compound.  Hydrogen  is  chosen 
as  the  standard  of  molecular  weights,  and  since  one  mole- 
cule of  it  contains  two  atoms,  the  molecular  weight  of  this 
element,  as  stated,  is  called  2 ;  so  that  the  molecular  weight 
of  an  element  or  compound  is  twice  its  vapor  density. 
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Example.  — The  density  of  sulphurous  vapor  is  32,  which 
means  that  a  given  volume  of  it  weighs  32  times  as  much  as 
the  same  volume  of  hydrogen,  and  also  that  a  molecule  of 
sulphurous  vapor  weighs  32  times  as  much  as  a  molecule  of 
hydrogen ;  and  since  the  molecular  weight  of  hydrogen  is  2, 
the  molecular  weight  of  sulphur,  in  the  gaseous  state,  must 
be  32  X  2,  or  64. 

17*     Atomicity    of    tlie     Elemental     Molecule. 

Atomicity  expresses  the  number  of  atoms  a  molecule  con- 
tains. Thus,  we  speak  of  monatomic,  diatomic,  triatomic, 
tetratomic,  or  hexatomic  molecules,  according  as  a  mole- 
cule contains  one,  two,  three,  four,  or  six  atoms.  Most 
elemental  molecules  are  diatomic. 

Those  elemental  molecules  whose  atomicity  has  been 
experimentally  determined  are  given  in  Table  1. 


TABLE   1. 


ATOMICITY  OF  ELEMBNTS, 


Monatomic. 

Diatomic. 

Triatomic. 

Tetratomic. 

Hexatomic 

Mercury. 
Cadmium. 

Hydrogen. 
Oxygen. 

Oxygen 
(as  ozone). 

Phosphorus. 
Arsenic. 

Sulphur 

(at  about  BOO*). 

Zinc. 

Chlorine. 

Barium  ? 

Bromine. 
Iodine. 

* 

Fluorine. 
Nitrogen. 
Sulphur 

(at  about  l.OOO**). 

Selenium 

(at  about  1,400»). 

Tellurium. 

• 
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ATOMS. 

1 8.  An  atom  is  the  smallest  particle  of  simple  matter 
which  can  participate  in  the  composition  of  a  molecule,  but 
atoms  differ  from  each  other 

(1)  In  weight ; 

(2)  In  quantity  of  combining  power. 

19.  Atomic  Weislit. — The  relative  weight  of  any 
atom  referred  to  hydrogen  as  unity  is  its  atomic  weight. 
It  is  the  smallest  quantity  of  any  simple  substance,  by 
weight,  which  can  take  part  in  the  formation  of  any  chemical 
compound. 

20*  Quantity  of  Combining  Po^wer. — Assuming  the 
combining  power  of  an  atom  of  hydrogen  to  be  1,  the  com- 
bining power  of  other  atoms  will  be  1,  2,  3,  4,  5,  6,  or  7. 
That  is,  some  atoms  possess  a  combining  power  equal  to 
that  of  hydrogen  and  unite  with  one  atom  of  it,  while  other 
atoms  possess  a  higher  combining  power  and  unite  with 
2,  3,  4,  5,  6,  or  7  atoms  of  hydrogen. 

21.  Valence. — Valence  signifies  the  quantity  of  com- 
bining power  an  atom  possesses;  it  expresses  the  number  of 
hydrogen  atoms  that  an  atom  can  combine  with  or  be 
exchanged  for. 

Examples. — Atoms  combine  with  other  atoms  by  virtue 
of  their  affinity,  an  attraction  mutually  satisfied  by  the 
union.  Taking  the  affinity  of  an  atom  of  hydrogen  as  the 
unit,  any  other  atom  whose  affinity  is  completely  satisfied 
by  uniting  with  one  atom  of  hydrogen  has  the  same  com- 
bining power.  Other  atoms  exist  whose  affinity  requires 
for  saturation  two,  three,  four,  five,  six,  or  seven  atoms; 
hence  their  valence — which  is  the  same  for  all  similar  atoms 
— is  said  to  be  two,  three,  four,  etc.  The  combining  power 
of  oxygen  is  2,  because  1  atom  of  oxygen  requires  2  atoms 
of  hydrogen  to  satisfy  its  affinity.  An  atom  of  phosphorus 
requires  6  atoms  of  hydrogen,  or  its  equivalent,  to  be  satu- 
rated ;  hence  its  valence  is  5. 
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22.  Variation  in  Valence. — Since  an  atom  can  form 
several  compounds  with  the  same  substance,  its  valence  is 
variable.  However,  the  valence  of  an  atom  generally  in- 
creases or  diminishes  by  2,  so  that  an  atom  of  one  element 
may  have  a  valence  of  2,  4,  or  6,  or  of  1,  3,  5,  or  7.  Atoms 
with  even  valences  are  termed  artiads;  those  with  odd 
valences,  perissads. 

According  as  their  valence  is  1,  2,  3,  4,  5,  6,  or  7,  atoms 
are  called  monads,  dyads,  triads,  tetrads,  pentads, 
liexads,  or  lieptads,  which  names  are  derived  from  the 
Greek  numerals.  When  using  the  adjectival  term,  the 
Latin  numerals  are  employed,  and  we  say  an  atom  is  uni- 
valent, bivalent,  trivalent,  quadrivalent,  quinqui- 
valent, sexivalent,  and  septivalent. 

23.  Grapliic  Description  of  tlie  Valence  of 
Atoms. — In  order  to  have  a  tangible  idea  of  valence,  we 
assume  that  atoms  possess  a  number  of  bonds  or  links. 
This  is  graphically  expressed  by  a  circle,  representing  the 
atom,  with  short  lines  radiating  from  it,  the  number  of 
which  indicates  the  valence.  The  graphic  representation 
given  in  Fig.  1  shows  the  seven  classes  of  atoms. 

o    o-    -6-    -6-    -0-    <5-    -0- 

Monad.      Dyad.       Triad.        Tetrad.     Pentad.     Hexad,    Heptad. 

Fig.  1. 

Sometimes  these  circles  are  omitted,  the  bonds  radiating 
directly  from  the  symbol.  The  number  of  bonds,  but  not 
their  direction,  is  significant. 

24.  Atomic  Notation. — In  1815,  Berzelius,  in  order  to 
express  the  composition  of  any  substance  more  conveniently, 
proposed  an  abbreviated  form  of  chemical  language.  In 
this  system  each  atom  has  for  its  symbol  the  first  letter  of 
its  Latin  name.  Where  the  names  of  two  different  atoms 
begin  with  the  same  letter,  a  second  letter,  suggestive  of 
the  name,  is  added. 
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Example. — O  stands  for  one  atom  of  oxygen,  /  for  one 
atom  of  iodine,  Au  for  one  atom  of  gold  (aurum),  etc. 

As  all  compound  bodies  consist  of  elements,  these  com- 
pound bodies  may  be  symbolically  expressed  by  a  formula, 
that  is,  by  placing  side  by  side  the  symbols  of  the  constitu- 
ent atoms. 

Examples. — CI  stands  for  chlorine,  Na  for  sodium.  Salt, 
a  compound  of  chlorine  and  sodium,  is  expressed  by  the 
formula  NaCL 

The  multiplication  of  atoms  is  expressed  by  placing  an 
Arabic  numeral  to  the  right  of  and  below  the  symbol. 

Thus,  S,  stands  for  two  atoms  of  sulphur,  H^  for  three 
atoms  of  hydrogen,  etc. 

The  multiplication  of  a  molecule  is  expressed  either  by 
enclosing  the  formula  in  brackets  and  placing  the  multiplier 
outside  to  the  right  of  and  below  the  formula,  or  by  placing 
the  multiplier  to  the  left  in  front  of  the  formula. 

((9,)^  or  4C>,  stands  for  four  molecules  of  oxygen,  each 
consisting  of  two  atoms;  ^NaCl  or  {IVaCl)^  stands  for  three 
molecules  of  salt. 

The  valence  of  an  atom  is  expressed  by  placing  a  Roman 
numeral  or  a  corresponding  number  of  dashes  above  and  to 
the  right  of  it.  Br*  or  Br'  stands  for  the  monovalent  atom 
of  bromine,  and  C^  ox  C""  stands  for  the  quadrivalent  atom 
of  carbon,  etc. 

26*     Combination  in  Definite   Proportions. — The 

symbols,  however,  signify  not  only  the  names  of  the  ele- 
ments, but,  according  to  the  law,  **  The  proportions  byw  eighty 
according  to  which  bodies  combine^  are  invariable  for  each  com- 
bination^'' these  symbols  also  indicate  the  minimum  propor- 
tion in  which  the  different  atoms  can  combine.  For  instance, 
O  not  only  signifies  oxygen,  but  also  always  stands  for 
15.88  parts,  by  weight,  of  it.  So  also  C/,  which  stands  for 
chlorine,  always  signifies  35.18  parts  by  weight.  In  this 
way  each  of  the  elements  has  its  own  symbol,  representing 
the  name  and  the  definite  proportion,  by  weight,  in  which 
it  conjbines. 
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TABLB  2. 


SYMBOLS  AND  ATOMIC  ^WBIGHTS. 


Names  of  the 
Elements. 


Aluminum 

Antimony  (stibium). 

Argon 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Cesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper 

Erbium 

Fluorine 

Gallium 

Germanium 

Glucinum 

Gold  (aurum) 

Helium 

Hydrogen 

Indium 

Iodine 

Iridium 

Iron  (f  errum) 

Lanthanum 

Lead  (plumbum) 

Lithium 

Magnesium 

Manganese 

Mercury  / 

(hydrargyrum) ) 

Molybdenum 

Neodymium 


Sym- 

Atomic 

bols. 

Weights. 

Al 

26.91 

Sb 

119.52 

A 

?4.oo 

As 

74-44 

Ba 

136.39 

Bi 

206  54 

B 

10.86 

Br 

79-34 

Cd 

111.54 

Cs 

131-89 

Ca 

39.76 

C 

II. 91 

Ce 

138.30 

CI 

35-18 

Cr 

51-74 

Co 

58.55 

Cu 

63.12 

Er 

165.06 

Fl 

18.91 

Ga 

69.38 

Ge 

71-93 

Gl 

9.01 

Au 

195-74 

He 

?4.oo 

H 

I.OO 

In 

112.99 

I 

125.89 

Ir 

191.66 

Fe 

55-60 

La 

137-59 

Pb 

205.36 

Li 

6.97 

Mn 

24.10 

54.57 

Hg 

198.49 

Mo 

95.26 

Nd 

142.52 

Names  of  the 
Elements. 


Nickel 

Niobium  \ 

(columbium)  J 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium 

Praseodymium 

Rhodium 

Rubidium. 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver  (argentum).. . 
Sodium  (natrium). . . 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin  (stannum) 

Titanium 

Thulium 

Tungsten  ) 

(wolframium) ) 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


Sym- 
bols. 


Ni 

Nb 

N 
Os 
O 

Pd 

P 

Pt 

K 

Pr 

Rh 

Rb 

Ru 

Sa 

Sc 

Se 

Si 

Af 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

Tu 

W 

Ur 
V 
Y 
Yt 
Zn 
Zr 


Atomic 
Weights. 


58.24 
93.02 

1393 

189.55 

15.88 

105.56 

30-79 

193.41 

38.82 

139-41 
102.23 

84.78 

100.91 

149- 13 
43-78 
78.58 
28.18 

107. 1 1 
22.88 
86.95 

31.83 
181.45 

126.52 

202.61 

230.87 

118.15 

47.79 
169.40 

183.43 

237.77 
50.99 

171.88 
88.35 
64.91 
89.72 


For  the  sake  of  convenience,  it  is  customary  to  divide  the  elements 
into  two  classes,  the  metals  and  the  non-metals  (metalloids) ;  a  distinc- 
tion first  made  in  the  latter  part  of  the  18th  century,  when  only  a  few 
elements  were  known.  Now  the  distinction  is  a  purely  arbitrary  one, 
as  it  is  impossible  to  draw  an  exact  line  of  demarcation  between  the 
two  groups.  The  names  printed  in  italics  are  non-metals.  This  is  the 
latest  table  of  atomic  weights  published,  but  as  these  weights  are  not 
generally  adopted  as  yet,  the  atomic  weights  more  frequently  used  are 
given  in  parenthesis  where  the  elements  are  treated  upon. 
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From  this  it  is  evident  that  we  not  only  express  by  a 
formula  the  qualitative,  but  also  the  quantitative,  composi- 
tion of  a  substance. 

Example. —  HCIO  stands  for  hypochlorous  acid,  consist- 
ing of 

H  =1  part,  by  weight,  of  hydrogen ; 
C/=  35.18  parts,  by  weight,  of  chlorine; 
O  =  15.88  parts,  by  weight,  of  oxygen. 

The  names  of  the  elements,  their  symbols,  and  their  com- 
bining weights  are  given  in  Table  2. 

26.     Combination  in  Multiple  Proportions. — The 

combinations  of  oxygen  and  hydrogen — inrater,  //,(?,  and 
hydrogen  peroxide,  H^O^ — afford  examples  of  two  ele- 
ments combining  in  more  than  one  proportion.  It  will  be 
observed  from  the  two  formulas  that  in  the  latter  com- 
pound exactly  twice  the  quantity  of  oxygen  is  combined  to 
the  same  quantity  of  hydrogen  as  in  the  former.  Taking 
also  other  series  of  compounds  in  consideration,  it  will  be 
seen  that  a  simple  relation  exists  between  the  proportions  of 
each  element  found  in  the  various  compounds.  In  fact, 
not  only  does  chemical  combination  invariably  occur  in  definite 
proportions^  but  when  two  elements  combine  in  more  than  one 
proportion^  they  unite  in  multiple  proportions.  The  reason 
why  combination  occurs  in  multiple  proportions  is,  that 
when  two  elements  combine,  one  atom  of  the  first  may  com- 
bine with  one,  two,  or  three  atoms  of  the  second,  but  com- 
bination with  the  fraction  of  an  atom  would  be  necessarily 
a  contradiction  of  the  atom  theory. 

Example. — Nitrogen  forms  5  compounds  with  oxygen;  if 
such  quantities  of  the  compounds  be  taken  as  contain  the 
same  weight  of  nitrogen,  the  weights  of  oxygen  will  be  pro- 
portional to  the  numbers  1,  2,  3,  4,  and  5. 

Hyponitrous  oxide,  A^aO,  27.86  parts  of  ^V  and  15.88  parts  of  O. 
Nitrogen  dioxide,  A^aO,,  27.86  parts  of  iVand  31.76  parts  of  O, 
Nitrous  oxide,  A^a^a,  27.86  parts  of  A'and  47.64  parts  of  O, 

Nitrogen  tetroxide,  N^O^,  27.86  parts  of  iVand  63.52  parts  of  O. 
Nitric  oxide,  N<»P^,  27.86  parts  of  A' and  79.40  parts  of  O. 
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COMPOUND  MOLBCULBS. 

27.  A  compound  molecule  is  composed  of  dissimilar 
atoms,  united  according  to  the  law  of  valence.  The  num- 
ber of  atoms  such  a  molecule  may  contain  is  apparently 
unlimited.    Compound  molecules  are  divided  into  two  classes : 

1.  Binary  molecules. 

2.  Ternary  molecules. 

28.  Binary  Molecules. — Binary  molecules  are  mole- 
cules the  atoms  of  which  are  directly  united,  and  whatever 
their  number  of  atoms  may  be,  there  never  can  be  more 
than  two  different  kinds  of  them. 

29.  Nomenclature  of  Binaries. — The  names  of  the 
binary  molecules  are  derived  from  their  constituent  atoms. 
The  most  frequently  occurring  binaries  are  those  composed 
of  a  metal  and  a  metalloid ;  the  name  of  the  metal  is  first 
written,  and  then  that  of  the  metalloid,  one  or  more  sylla- 
bles being  removed  from  the  latter  and  the  termination  ide 
added. 

Examples. — Copper  and  oxygen  yield  copper  oxide. 

Copper  and  sulphur  yield  copper  sulphide. 
Sodium  and  chlorine  yield  sodium  chloride. 

As  it  frequently  happens  that  more  than  one  compound 
of  the  same  elements  is  known,  it  becomes  necessary  to 
distinguish  these  compounds.  Oxygen  and  copper  combine 
in  two  different  proportions,  represented  by  the  formulas 
CuO  and  Cufi^  the  name  oxide  being  common  to  both,  but 
the  second  is  called  cuprous  oxide.  The  termination  ous  is 
applied  to  the  compound  containing  the  lower  proportion  of 
oxygen  or  other  non-metallic  element.  Where  there  are 
two  or  more  atoms  of  the  metalloid  present,  the  distinction 
is  marked  by  the  use  of  a  prefix  to  the  second  name,  indi- 
cating the  number.  The  two  oxides  of  barium,  BaO  and 
BaO^^  are  thus  known  respectively  as  barium  monoxide  and 
barium  dioxide. 

30«  Use  of  Prefixes. — If  one  of  the  constituents  acts 
with  more   than  two  valences,   the  termination  ic — being 
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given  on  the  discovery  of  the  compound — is  generally  arbi- 
trarily assigned,  and  a  further  discrimination  becomes  again 
necessary ;  this  distinction  is  marked  by  the  use  of  a  prefix. 
A  compound  in  which  the  valence  of  the  first  constituent 
is  less  than  in  the  ous  takes  the  prefix  bypo,  which  means 
under.  When  the  valence  is  above  ic^  the  prefix  per  is 
used.  The  termination  of  the  second  constituent,  however, 
in  all  cases,  is  ide. 

Examples. — 

Septivalent  chlorine  and  oxygen  form  perchloric  oxide. 
Quinquivalent  chlorine  and  oxygen  form  chloric  oxide. 
Trivalent  chlorine  and  oxygen  form  chlorous  oxide. 
Univalent  chlorine  and  oxygen  form  hypochlorous  oxide. 
Sexivalent  sulphur  and  oxygen  form  sulphuric  oxide. 
Quadrivalent  sulphur  and  oxygen  form  sulphurous  oxide. 
Bivalent  sulphur  and  oxygen  form  hyposulphurous  oxide. 

31*  Formation  of  Binaries. — A  binary  molecule 
consists  of  atoms  with  either  equal  or  different  valences. 
Atoms  having  the  same  valence  unite  in  the  proportion 
of  1  to  1,  that  is,  the  atoms  mutually  saturate  each  other, 
and  their  chemism  is  satisfied. 

Examples. — 

K*     and  Cl\     both  monads,  form  K'Cr       or  K  —  CL 
S"      and  (T,      both  dyads,     form  S'O"         or  5  =  a 
/y""and5/"",  both  tetrads,   iorm  Pt"" Si""  or  Pt  =  St. 

When  atoms  with  different  valences  unite,  each  atom 
has  to  furnish  the  same  number  of  bonds  to  satisfy  their 
chemism.  This  number  is  the  least  common  multiple  of 
the  two  valences.  The  absolute  number  of  atoms  of  each 
constituent  is  obtained  by  dividing  the  least  common  mul- 
tiple by  the  equivalence  of  each  atom. 

Examples. — When  a  tetrad  and  a  hexad  combine,  each 
must  furnish  12  bonds,  12  being  the  least  common  multiple 
of  4  and  6.  To  do  this,  3  tetrads  and  2  hexads  are  required. 
The  following  formulas  will  further  illustrate  this  law: 

N,  M,    II.S 
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H\      a  monad,  and  (?",  a  dyad,      form  H^0'\ 
N'",    a  triad,     and  0'\  a  dyad,      form  N^"0,". 
Sn"'\  a  tetrad,   and  5  ",  a  dyad,     form  Sn""SJ'. 
/^,       a  pentad,  and  0'\  a  dyad,      form  I/O  J'. 
Cr",   a  heptad,  and  a\  a  dyad,     form  Cl^^"0;\ 
Si'^^    a  tetrad,    and  /^',  a  monad,  form  Si^F^. 

32.  The  groups  of  atoms  now  being  considered  are 
called  saturated  molecules,  because  the  bonds  of  their 
constituent  atoms  are  all  mutually  engaged.  We  also  dis- 
tinguish between  these  and  unsaturated  groups  of  atoms, 
which,  possessing  free  bonds,  may  enter  into  combination 
like  single  atoms.  These  unsaturated  groups  of  atoms  are 
called  compound  radicals.  They  do  not  exist  free  in 
nature,  although,  like  atoms,  by  combining  with  another 
similar  group  they  may  form  a  saturated  molecule.  Their 
valence  is  equal  to  the  number  of  their  unsatisfied  bonds, 
which  is  the  difference  between  the  valences  of  their  con- 
stituents. 

Examples. — Water  consists  of  H  —  O  —  H\  supposing 
one  atom  of  hydrogen  to  be  removed,  the  unsaturated  group 
H  ^  O  —  remains,  which,  though  consisting  of  two  atoms, 
is  able  to  enter  into  the  formation  of  a  molecule  like  any 
single  atom.  It  possesses  one  free  bond  and  acts  as  a 
monad.  It  is  expressed  by  the  formula  {H'O")',  Combi- 
ning with  another  similar  group,  it  forms  a  saturated  mole- 
cule {H'O'y  +  {H'O'y  =  H-0'-0-H,or H^O,,  Or,  the 
pentad  P  may  be  partly  saturated  by  the  dyad  O^  form- 
ing the  trivalent  compound  radical  {P^  0')"\  which  may 
combine  like  any  other  trivalent  atom,  say  with  C/,  forming 

33«  Names  of  Compound  Radicals. — The  names  of 
compound  radicals  terminate  in  yl.  The  root  of  the  name 
comes  either  from  the  radical's  constituents  or  from  some 
compound  into  which  they  enter. 

Example. — The  compound  radical  {H'O")'  is  called 
hydroxyl;    {P"" O')'"   is   termed   phosphoryl ;    lC""HJ   is 
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named  methyl^  from  methyl  alcohol,  of  which  it  is  a  constit- 
uent. The  compound  radicals  {H^Ny  amidogen^  (CNy 
cyanogen^  and  {H^N)'  ammonium  are  the  only  exceptions  to 
this  rule. 

Molecules  containing  compound  radicals  linked  to  an  atom 
are  usually  considered  as  binaries,  and  named  accordingly. 

Examples. —  i-^O^)'  and  CI  form  nitryl  chloride,  {CO)' 
and  S  yield  carbonyl  sulphide. 

34.  Ternary  Molecules.  —  Ternary  molecules  are 
those  whose  dissimilar  atoms  are  united  by  the  aid  of  some 
third  atom.  Among  the  compounds  higher  than  the  binary 
series  are  those  formed  by  the  union  of  water  with  oxides, 
thus  forming  acids,  and  hydrates  (hydroxides)  and  deriva- 
tives of  these  bodies. 

36«  Acids. — ^The  name  acid  is  a  familiar  one,  because 
it  is  continually  applied  to  anything  that  is  sour.  To  the 
chemist  the  sourness  of  an  acid  is  but  an  accidental  prop- 
erty, as,  according  to  his  definition  of  these  bodies,  sub- 
stances are  included  as  acids  that  are  not  sour  to  the  taste. 
An  acid  may  be  defined  as  a  body  containing  hydrogen^  which 
hydrogen  may  be  replaced  by  a  metal  (or  group  of  elements 
equivalent  to  a  metal)  when  presented  to  it  in  the  form  of  an 
oxide  or  hydrate. 

As  a  class,  acids  are  sour ;  they  are  also  active  chemical 
agents.  Most  acids  are  characterized  by  the  property  of 
changing  the  color  of  a  solution  of  litmus^  a  body  whose 
natural  color  is  blue,  to  a  red  tint. 

Oxygen  is  a  constituent  of  most  acids,  the  members  of 
this  group  being  distinguished  as  oxyacids.  The  oxides, 
which  by  union  with  water  form  acids,  are  called  anliy- 
drides  or  anliydrous  acids.  They  are  in  most  cases 
non-metallic  oxides,  but  consist  sometimes  of  metals  com- 
bined with  a  comparatively  large  number  of  oxygen  atoms. 
There  are  a  few  acids  in  which  oxygen  is  absent;  these  are 
termed  hydracids,  hydrochloric  acid,  HCl^  being  an 
example  of  this  class.     According  to  the  definition  given, 
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hydrogen  is  an  essential  constituent  of  all  acids.  It  should, 
however,  be  mentioned  that  some  chemists  apply  the  term 
**acid"  to  what  here  are  termed  anhydrides;  consequently 
CO^  (carbon  dioxide  or  carbonic  anhydride)  is  sometimes 
described  as  carbonic  acid  gas.  This  name  is  now,  how- 
ever, being  replaced  by  that  more  in  accordance  with  the 
theories  of  modern  chemical  science. 

36.  Bases  and  Alkalies. — The  oxides  which,  when 
dissolved  in  water,  restore  the  blue  color  of  reddened  litmus 
are  called  alkalies ;  they  form  a  subdivision  of  a  larger 
class  of  oxides,  the  whole  of  which  combine  readily  with 
acids  and  are  known  as  bases. 

A  base  is  an  oxide,  or  hydrate,  of  a  metal  {or  group  of 
elements  equivalent  to  a  metal),  which  metal  {or  group  of 
elements)  is  capable  of  replacing  the  hydrogen  of  an  acid  when 
the  two  are  placed  in  contact. 

An  alkali  is  a  base  of  specially  active  character,  soluble 
in  water,  and  easily  recognized  by  the  soapy  taste  and  feel 
it  imparts' to  water,  and  also  by  its  ability  to  restore  the  blue 
color  to  vegetable  blues  which  have  been  reddened  by  an 
acid.  The  principal  alkalies  are  sodium  hydrate,  NaHOy 
and  potassium  hydrate,  KHO.  Hydrates  are  mostly 
compounds  of  metallic  oxide  and  water,  and  are  also  some- 
times termed  hydroxides.  Their  formation  may  be  rep- 
resented by  the  following  equations: 

(1)      Nafi  +  Hfi  =  %NaOH 

sodium  ,    ^ofo.-  _    sodium 
oxide   ^  ^^^^^  -  hydrate 


(2)       CaO  +  Hfi  =  Ca{OH\ 

calcium  ,   _,^4._«  __    calcium 
oxide   "^  ^^^^^  ~-    hydrate 


37.  Salts. — ^When  an  acid  and  a  base  react  on  eacli 
other,  the  substance  or  compound  produced  by  the  replace- 
ment of  the  hydrogen  of  the  acid  by  the  metal  of  the  base 
is  termed  a  salt.  The  following  equations  illustrate  this 
formation : 
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(1)  HCl       +  NaHO^  NaCl  +  Hfi 

hydrochloric  .    sodium  _  sodium    ,  _«4.^-. 
acid  '^  hydrate  "  chloride  ^"  ^^^^ 

(2)  H^SO,  +    CaO   =  CaSO,  +  Hfi 

sulphuric  ,    calcium  __  calcium    ,  _,„4^« 
acid      ^     oxide    -  sulphate  "*"  ^^^^ 

The  action  of  strong  acids  and  bases  upon  each  other  is 
very  violent.  As  a  rule,  salts  are  neutral,  i.  e.,  without 
action  on  litmus;  sometimes,  however,  when  a  strong  acid 
combines  with  a  weak  base,  the  resulting  salt  has  an  acid 
effect  on  litmus,  or  when  the  base  is  strong  and  the  acid 
weak,  the  salt  shows  an  alkaline  reaction. 

Litmus,  which  has  been  repeatedly  spoken  of  in  connec- 
tion with  the  ternary  compounds,  is  itself  a  salt  of  a  vege- 
table acid  and  base,  and  possesses  a  blue  color.  An  acid, 
when  added,  displaces  the  weak  vegetable  acid,  and  with 
the  remaining  vegetable  base  forms  a  salt,  the  liberated 
litmus  acid,  being  red,  giving  the  red  tint  to  the  solution. 
On  adding  to  this  solution  another  base,  this  latter  com- 
bines with  the  stronger  acid,  displacing  in  turn  the  vegeta- 
ble base.  The  displaced  vegetable  acid  and  base  again 
unite,  and  form  the  original  blue  color. 

38.  Nomenclature  of  Acids  and  Salts* — The  names 
of  acids  are  derived  from  those  of  their*  principal  constit- 
uents, changing  them  into  adjectives  ending  in  ic.  From 
sulphur  we  have  sulphuric  acid,  from  nitrogen  nitric  acid. 
Hydracids  are  distinguished  by  the  prefix  hydro;  for 
instance,  hydrochloric  acid. 

The  names  of  the  corresponding  salts  are  derived  from 
the  same  root  by  adding  ate.  Thus  the  salts  of  sulphuric 
and  nitric  acid  are  called  sulphates  and  nitrates^  respectively. 

If  an  element  should  form  tzvo  oxides,  both  of  which  com- 
bine with  water  to  form  acids,  then  the  acid  containing  the 
higher  proportion  of  oxygen  receives  the  name  ending  in  ic^ 
while  for  the  termination  of  the  name  of  the  other  acid  ous 
is  chosen. 

Examples. — Two  oxides  of  sulphur  are  known:  56^,,  or 
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sulphurous  oxide,  and  5(9„  or  sulphuric  oxide.     Both  com- 
bine with  water  to  form  acids. 

sulphurous  ,   ^„f«-  _  sulphurous 
oxide       "*■  ^^^^^  -        acid 

SO,   +i/,o=  hJo, 

sulphuric  ,   ^^^.^^       sulphuric 
oxide     +  ^^^^^^  =       acid 

The  salts  of  acids  whose  names  end  in  ous  have  the  termi- 
nation ite. 

H^SO,    ■^%NaHO^Na^SO,-\'%Hfi 

sulphurous  ,      sodium    _    sodium     ,  «ro+«,. 
acid        "*"    hydrate  ~   sulphite  +  ^^^^^^ 

The  same  termination  which  is  applied  to  the  base  is 
also  applied  to  the  salt.  Thus,  two  different  sulphates  of 
mercury  are  obtained ;  namely,  when  sulphuric  acid  is  caused 
to  react  with  mercurous  oxide  and  mercuric  oxide,  respect- 
ively. 

H,SO,  +    Hgfi    =  Hg,SO,  -t-  Hfi 

sulphuric  ,  mercurous  _  mercurous  ,  -„„4.^-. 
acid       ^      oxide      "    sulphate   "^  ^^^^^ 

H,SO,  +    HgO  =  HgSO,  +  Hfi 

sulphuric      mercuric  __  mercuric      ^^^^y, 
acid  .    "*"     oxide     -  sulphate  "^  ^^^^^ 

The  salts  of  hydracids,  being  binaries,  have  names  end- 
ing in  ide. 


RELATION   OF   ATOMIC   WEIGHTS   TO 

SPECIFIC    HEATS. 

39.  When  equal  weights  of  different  bodies  are  raised 
through  the  same  number  of  degrees  of  temperature,  they 
take  up  different  amounts  of  heat,  or,  in  other  words,  dif- 
ferent bodies  possess  different  capacities  for  heat.  .  Thus, 
one  kilogram  of  water  requires  30  times  more  heat  than  one 
kilogram  of  mercury  to  raise  its  temperature  one  degree, 
and  if  the  quantity  of  heat  required  to  raise  the  tempera- 
ture of  one  kilogram  of  water  one  degree  be  represented 
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by  1,  the  quantity  of  heat  required  to  raise  the  same  weight 
of  mercury  one  degree  will  be  represented  by  ■^.  This 
fraction  expresses  what  is  called  the  specific  heat  of 
mercury. 

The  specific  lieat  of  a  solid  or  liquid  body  is,  then,  the 
amount  of  heat  required  to  raise  the  temperature  of  a  certain 
weight  of  this  body  one  degree,  the  amount  of  heat  required 
to  raise  the  temperature  of  an  equal  weight  of  water  one 
degree  being  taken  as  unity. 

The  specific  heat  of  a  substance  varies  according  as  the 
substance  is  in  the  solid,  liquid,  or  gaseous  state,  but  the 
specific  heats  of  all  .solid  elements  exhibit  a  remarkable 
relation  to  their  atomic  weights.  It  has  been  found  that  if, 
instead  of  calculating  the  specific  heats  for  equal  weights, 
such  weights  be  taken  a.j  represent  the  atomic  weights  of 
the  solid  elements,  then  the  numbers  expressing  the  capacity 
for  heat  of  the  different  atoms  are  sensibly  equal.  From 
which  it  follows  that  all  solid  elements  possess  the  same 
atomic  tieat,  and  that  the  specific  heats  of  solid  elements 
are  inversely  as  their  atomic  weights. 

Hence  we  have  in  the  determination  of  specific  heat  a 
means  of  checking  the  atomic  weight  of  a  solid  element,  or 
of  ascertaining  it  in  doubtful  cases.  This  is  done  by  divi- 
ding the  atomic  heat  of  a  solid  body  by  its  specific  heat,  the 
quotient  thus  obtained  being  the  atomic  weight.  The 
number  6.4  represents  approximately  the  atomic  heat  of 
solid  elements. 

Examples. — 

Specific 
Heat. 

Lead 0.0310 

Platinum 0.0320 

Silver 0.0590 

Sulphur 0.2026 

Tin 0.0540 

Copper 0.0951 


Approximate 

Atomic 

Atomic 

Heat. 

Weight 

6.41 

206.77 

6.33 

197.81 

6.37 

107.97 

6.48 

31.98 

6.37 

117.96 

6.04 

63.51 
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CHEMICAL   CALCULATIONS    AND    EQUATIONS. 

40.  Stoichiometry.  —  Stoichiomctry  considers  the 
numerical  relations  of  atoms ;  all  calculations  which  can  be 
made  from  the  atomic  weights  and  volumes  are  stoichiomet- 
rical  calculations.  They  are  of  great  importance  in  analyti- 
cal and  other  chemical  work. 

Every  atom  has  its  own  weight,  called  atomic  weight. 
A  molecule  being  built  up  of  atoms,  a  molecular  weight  is 
the  sum  of  the  atomic  weights  of  its  constituents. 

41.  Equations. — Since  every  chemical  change  or 
reaction  is  simply  an  alteration  in  the  .association  and 
position  of  atoms,  it  may  be  expressed  as  an  equation ;  but 
a  chemical  equation  not  only  expresses  the  fact  of  a  reaction 
or  chemical  change,  but  also  indicates  the  quantities,  by 
weight,  concerned  in  it. 

Examples. —  5  stands  for  1  atom  of  sulphur,  with  an 
atomic  weight  of  31.83.  (9,  represents  3  atoms  of  oxygen, 
or  15.88x3  =  47.64  parts  by  weight  of  it.  SO^  expresses 
the  fact  that  one  atom  of  sulphur  (31.83)  and  three  atoms  of 
oxygen  (3x15.88)  have  united  to  form  a  molecule  of  sul- 
phuric oxide  with  a  molecular  weight  of  (31.83  +  47.64)  = 
79.47.  This  same  fact  may  be  expressed  by  the  equa- 
tion 

5+ (9,  =  5(9, 

So  the  equation  Pb{NOX  +  ^^JiSO,)  =  Pd{SO;)  + 
{N^aNO^^,  which  means  that  one  molecule  of  lead  nitrate 
and  one  molecule  of  sodium  sulphate  yield  one  molecule  of 
lead  sulphate  and  two  of  sodium  nitrate,  may  also  be  read 
by  weight,  thus: 

Pb{NOX    +  Na^iSO,)  =    Pb{SO,)     +     {NaNO,\ 

205.36-K18.93-f47.64)3+45.76+81.88-|-68.52  -  205.36+81 .83-f«3.6a+<22.88+l  3.98+47.64^ 
828.50  +  141.11  -  800.71  +  168.90 

328.5  parts  of  lead  nitrate  and  141.11  parts  of  sodium  sul- 
phate yield  300.71  parts  of  lead  sulphate  and  168.90  parts  of 
sodium  nitrate. 
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CAIX:UL.ATION  OF  PBRCBNTAGB  COMPOSITION. 

42.  Knowing  the  molecular  weight  of  any  substance, 
the  number  of  atoms  it  contains,  and  the  atomic  weight  of 
each  constituent  atom,  it  is  easy  to  calculate  the  percentage 
composition  (that  is,  the  composition  of  100  parts  of  a  sub- 
stance), the  form  in  which  the  results  of  analysis  are  usually 
given. 

Representing  the  molecular  weight  by  m^  the  atomic 
weight  by  a^  the  number  of  atoms  of  each  constituent  by  «, 
and  the  percentage  amount  by  ;r,  we  have  the  proportion 

fn\  an^  100  :  x, 

and  from  this  proportion  we  obtain  the  formula 

Case  I. — To  find,  therefore,  the  percentage  composition 
of  a  molecule  when  the  molecular  weight,  number  of  atoms, 
and  atomic  weights  are  known,  the  following  rule  has  to  be 
employed : 

Rule. — Multiply  the  atomic  weight  by  the  number  of 
atoms  and  the  product  by  100;  divide  by  the  molecular  weighty 
and  the  quotient  will  be  the  percentage  amount  of  that  con* 
stituent. 

Example. — The  formula  for  potassium  chlorate  is  KClOt\  assigning 
to  each  atom  its  weight,  we  have  the  equation 

K  ^  a   -v      Ot      =  KClOt 

98.82       85.18         15.88x3  121.64 

that  is,  121.64,  being  the  sum  of  the  constituent  atoms,  represents  the 
molecular  weight  of  potassium  chlorate.  Then  121.64  parts  of  KC10% 
contain  47.64  parts  of  oxygen,  88.82  parts  of  potassium,  and  35.18  parts 
of  chlorine.  What  quantities  of  these  constituents  will  be  found  in 
100  parts  of  KC10%  ? 

Solution. — 

(1)  Oxygen :       x— ^^     =  89.  Vl%  of  oxygen.         Ans. 

(2)  Chlorine:      .r=  ^^l^^^^^i^?  =  28.92^  of  chlorine.        Ans. 
(8^    Potassium:  x  = =  81.91j^  of  potassium.     Ans. 

l/«l.o4 

Total,  lOO.OOjf. 
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43.  Other  Problems  by  This  Formula. — In  for- 
mula 1,  the  four  quantities  a,  «,  ;«,  and  x  are  employed. 
Any  three  of  these  being  known,  the  fourth  can,  of  course, 
be  easily  found.  There  are,  consecjuently,  three  more  cases 
to  be  considered. 

Case  II. — To  find  the  number  of  atoms  of  the  constituents 
of  a  compound,  i.  e.,  the  chemical  formula  of  the  molecule, 
having  given  the  percentage  amount  of  the  constituents, 
their  atomic  weights,  and  the  molecular  weignt  of  the  com- 
pound. 

By  transposition,  formula  1  becomes 

mx  . 

whence  we  derive  the  following 

Rule. — Multiply  the  molecular  weight  by  the  percentage 
amount  of  the  given  constituent^  and  divide  the  product  by  the 
atomic  weight  of  the  constituent  multiplied  by  100  ;  the  quo- 
tient is  the  number  of  atoms  of  that  constituent  in  the 
molecule. 

Example. — Sulphuric  acid  has  a  molecular  weight  of  97.85;  its  per- 
centage composition  is:  hydrogen,  2.05ji;  sulphur,  32.70*?;;  and  oxygen, 
65.25^.  The  atomic  weight  of  hydrogen  is  1,  that  of  sulphur  81.88,  and 
that  of  oxygen  15.88.     What  is  the  formula  of  sulphuric  acid  ? 

Solution. — The  atomic  weights  of  hydrogen,  sulphur,  and  oxygen 

are  1,  81.83,  and  15.88,  respectively;  hence,  by  formula  1t^  the  number 

of  atoms  of 

TT   J  Ml  i_     97.35  X  2.05       ^ 

Hydrogen  will  be      ^  ^  ^^      =  3. 

oil,  n  K    ^"^-^  X  32.70      ^ 

Sulphur  Will  be   3^  ^3  ^  ^^  =  1. 

^  .„  ,     97.35  X  65.25       . 

Oxygen  will  be -^^-^^^3^=  4 

The  molecular  formula  of  sulphuric  acid  is,  therefore,  H^SO^,    Ans. 

Case  III. — Having  the  molecular  weight,  the  percentage 
composition,  and  the  number  of  atoms  of  any  constituent  in 
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the  molecule,  to  find  the  atomic  weight  of  that  atomic  con- 
stituent.    From  formula  1 ,  by  transposition,  we  obtain 

from  which  we  have  the  following 

Rule. — Multiply  the  molecular  weight  by  the  percentage 
amount  of  the  constituent  ivhose  atomic  weight  is  desired^ 
and  divide  the  product  by  the  number  of  atoms  multiplied  by 
100;  the  quotient  is  the  atomic  weight  required. 

Example. — Mercurous  chloride  contains  2  atoms  of  mercury,  consti- 
tuting 84944j^of  the  whole ;  the  molecular  weight  of  mercurous  chloride 
being  467.84,  what  is  the  atomic  weight  of  mercury  ? 

Solution. — Substituting  these  values  in  formula  3,  we  have 

467.34x84.944      .oq  .«  ^.       ,      .         •   u*    r  a 

a  = s — zr^ =  198.49,  the  atomic  weight  of  mercury.     Ans. 

Case  IV. — Having  given  the  ^atomic  weight  of  any  con- 
stituent, its  percentage  amount,  and  the  number  of  atoms 
of  it  in  the  molecule,  to  find  the  molecular  weight  of  the 
compound. 

By  a  final  transposition  of  formula  1 ,  we  obtain 

m  = .  (4.) 

Whence  the  following 

Rule. — Multiply  the  atomic  weight  of  the  given  constituent 
by  the  number  of  its  atoms,  and  this  product  by  100;  divide 
the  final  product  by  the  percentage  amount  of  that  constituent, 
and  the  quotient  is  the  molecular  weight. 

Example. — One  molecule  of  sulphuric  acid  contains  32. 70j6  of  sulphur 
and  one  atom  of  it,  the  atomic  weight  of  sulphur,  is  31.88;  what  is  the 
molecular  weight  of  sulphuric  acid  ? 

Solution. — Substituting  these  values  in  formula  4, 

81.83X1X100      orro.1   *u  •      *  II  •  U4.    / 

m  = QQ  ^ =  97.84,  the  approximate  molecular  weight  of 

sulphuric  acid.     Ans. 

44.     Calculation   by   Means  of  Equations.  —  The 

same  principles  are  applied  in  calculating  the  weight  of 
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substances  entering  into  or  issuing  from  chemical  reactions. 
The  reaction  must  first  be  expressed  in  the  form  of  an 
equation.  The  molecular  weights  of  all  the  various  sub- 
stances are  then  written  below  their  respective  formulas. 
Having  now  all  the  necessary  data,  the  problems  may  be 
solved  by  first  making  the  following  proportion  : 

As  the  molecular  weight  of  the  given  substance  is  to  the 
quantity  of  it  {i.  ^.,  its  absolute  weight^  given  in  the  problem^ 
so  is  the  molecular  weight  of  the  required  substance  to  the 
quantity  of  it  required. 

Or,  letting  M  =  the  molecular  weight  of  the  given  substance ; 

m  =  the  molecular  weight  of  the  required  sub- 
stance ; 

W=  the  absolute  weight  of  the  given  substance; 

w  =  the  absolute  weight  of  the  required  sub- 
stance, 

we  haVe  the  proportion  M :  W  ::  m  :  w^  whence  we  obtain 
the  four  formulas  following ; 


(60 


M  = 

IVm 
w 

W= 

M  w 
m 

m  = 

M  w 
W 

w  = 

Wm 

M  ■ 


(7.) 


(8.) 


Hence,  if  we  know  any  three  of  the  above  values  {My  Wy  m^ 
and  w)y  we  can  find  the  fourth  by  using  one  of  the  above 
formulas.     There  will  be  four  possible  cases,  as  follows: 

Case  I. — Knowing  the  absolute  and  molecular  weights  of 
the  given  substance,  and  also  the  absolute  weight  of  the 
required  substance,  to  find  the  molecular  weight  of  the 
required  substance. 

Preliminary. — Zinc  carbonate  is  prepared  by  the  action  of 
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zinc  nitrate  upon  potassium  carbonate,  according  to  the  fol- 
lowing equation : 

Zn{NOX  +   K,CO,   =  ZnCO,  +  {KNO^ 

zinc  potassium  _       zinc  potassium 

nitrate      "*"  carbonate  "~  carbonate  nitrate 

188.05       +      137.19      =     124.46     +       200.78 

Example. — If,  now,  156  grams  of  zinc  nitrate  yield  103.248  grams  of 
zinc  carbonate,  and  the  molecular  weight  of  zinc  carbonate  is  124.46, 
what  is  the  molecular  weight  of  zinc  nitrate  ? 

Solution. — Substituting  the  values  just  given  in  formula  5,  we 

obtain 

156  X  124  46 
M^  — 1AO  Q.IQ —  =  188.05,  the  molecular  weight  of  zinc  nitrate.    Ans. 

1U«5.  «4o 

Case  II. — Knowing  the  molecular  weight  of  both  the  given 
and  the  required  substances,  to  find  the  absolute  weight 
of  the  given  substance  necessary  to  yield  a  certain  weight 
of  the  required  substance. 

Preliminary. — Sodium  nitrate  is  prepared  by  the  action 
of  hydro-disodium  phosphate  upon  strontium  nitrate, 
according  to  the  following  equation : 

Sr{NO,)^  +     HNa^PO,     =       HSrPO,      +  (NaNO,\ 

strontium         hydro-disodium  _  hydro-strontium  sodium 

nitrate      "^        phosphate        ~       phosphate        "*"      nitrate 

210.09       4-  141.07  =  182.26  +       168.90 

Example. — How  much  hydro-disodium  phosphate  will  be  required 
in  order  to  yield  309  grams  of  sodium  nitrate  ? 

Solution. — Substituting  the  proper  values  in  formula  6,  we  obtain 

141  07  X  809 
^=  — icQ  ftn —  =  258.08  grams  of  hydro-disodium  phosphate.     Ans. 
loo.  yu 

Case  III. — Knowing  the  absolute  and  molecular  weights  of 
the  given  substance,  and  also  the  absolute  weight  of  the 
required  substance,  to  find  the  molecular  weight  of  the  latter. 

Preliminary. — Sodium  carbonate  is  produced  by  the  action 
of  sodium  sulphide  upon  calcium  carbonate,  according  to 
the  following  equation : 

Na^S  +   CaCO^  =  Na^CO,  +     CaS 

sodium         calcium    __     sodium  calcium 

sulphide      carbonate ""  carbonate       sulphide 

77.59     +       99.31      =      105.31      4-     71.69 
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Example. —  103.21  grams  of  sodium  carbonate  are  obtained  from 
97.38  grams  of  calcium  carbonate,  the  molecular  weight  of  calcium  car- 
bonate being  99.31 ;  what  is  the  molecular  weight  of  sodium  carbonate  ? 

Solution. — Substituting  these  values    in    formula   7,  we  obtain 

fn  —■ — '■ —  —  =  105.31,  the  molecular  weight  of  sodium  carbonate. 

Ans. 

Case  IV. — Knowing  the  molecular  weight  of  both  the 
given  and  the  required  substances,  and  also  the  absolute 
weight  of  the  given  substance,  to  find  the  absolute  weight 
of  the  required  substance. 

Preliminary. — Hydro-potassium  sulphate  is  produced  by 
the  action  of  sulphuric  acid  upon  potassium  nitrate,  accord- 
ing to  the  following  equation ; 

KNO^  +  H^SO,.=   HNO,  -f       HKSO, 

potassium      sulphuric  _      nitric  hydro-potassium 

nitrate  acid      ~"       acid  sulphate 

100.39     4-      97.35      =       62.57       +  135.17 

Example. — How  much  hydro-potassium  sulphate  would  be  yielded 
by  the  decomposition  of  600  grams  of  potassium  nitrate  by  sulphuric 
acid? 

Solution. — Substituting  the  proper  values  in  formula  8,  we  obtain 
^  = ^c\t\  QQ  —  =  673.22  grams  of  hydro-potassium  sulphate.     Ans. 

In  all  the  above  problems  it  has  been  assumed  that  each 
molecule  of  the  factor  yielded  one  of  the  product.  If  in  any 
reaction  this  is  not  true,  then  M  and  ;;/  must  represent  the 
sum  of  the  molecular  weights  expressed  in  the  equation. 


EXAMPLES  FOR  PRACTICB. 

1.  The  formula  of  calcium  chloride  is  CaCU\  its  molecular  weight 
is  110.12.  What  percentage  quantities  of  the  two  constituents  will  be 
found  in  100  parts  calcium  chloride  ?  a       ^  36.11jtof  calcium. 

(63. 89^  of  chlorine. 

2.  Potassium  chlorate  has  a  molecular  weight  of  121.64,  and  is 
composed  of  89.175^  of  oxygen,  28.92^  of  chlorine,  and  31.91^  of  potas- 
sium.    What  is  the  formula  of  potassium  chlorate  ?  Ans.  KClOt, 

3.  Salt,  NaCl,  contains  39.405jg  of  sodium,  whose  atomic  weight 
is  22.88.  In  a  molecule  of  salt  there  is  but  one  atom  of  sodium. 
What  is  the  molecular  weight  of  salt  ?  Ans.  NaCl^  58.06. 
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4  The  molecular  weight  of  silver  nitrate,  AgNO%,  is  168.68;  it 
contains  68.499^  of  silver  and  has  but  one  atom  of  silver  in  a  molecule. 
What  is  the  atomic  weight  of  silver  ? 

Ans.  Atomic  weight  of  silver  is  107.11. 

5.  Nitric  acid  is  prepared  by  the  action  of  sulphuric  acid  upon 
potassium  nitrate,  according  to  the  equation 

KNOt   +  H^SO,  =  HNOt  +      HKSO^ 

100.89     +      W85       =      62  67     -h  185.17 

potassium  I   sulphuric  _     nitric      .hydro-potassium 
nitrate    "^      acid       ~      acid     "*"         sulphate 

{a)  How  much  potassium  nitrate  is  necessary  to  yield  86  grams  of 
nitric  acid  ?  Ans.  57.76  grams. 

{b)  How  much  nitric  acid  may  be  produced  from  500  grams  of 
potassium  nitrate  ?  Ans.  811.68  grams. 

(c)  How  much  sulphuric  acid  will  be  required  to  yield  86  grams  of 
nitric  acid  ?  Ans.  56.01  grams. 

46.     Volume   Calculations    from   Equations. — As 

every  molecular  formula  represents  two  volumes,  any  equa- 
tion composed  of  such  formulas  may  be  read  by  volumes, 
and  calculations  can  be  made  from  these  volumes  as  well  as 
from  the  weights. 

Thus,  the  equation  (CC>),  +  O,  =  (Cd?,),,  which  means 
that  two  molecules  of  carbon  monoxide  and  one  molecule 
of  oxygen  yield  two  molecules  of  carbon  dioxide,  may  also 
be  read :  Four  volumes  of  carbon  monoxide  and  two  volumes 
of  oxygen  yield  four  volumes  of  carbon  dioxide. 

From  these  relations  the  following  problems  may  arise: 

Example  I. — How  much  carbon  dioxide  would  be  yielded  by  the 
decomposition  of  1  liter  of  carbon  monoxide  ? 

Solution. — Since  4  volumes  of  carbon  monoxide  yield  4  volumes  of 
carbon  dioxide,  1  liter  of  carbon  monoxide  will  yield  1  liter  of  car- 
bon dioxide.     Ans. 

Example  II. — How  much  oxygen  is  required  to  convert  2  liters  of 
carbon  monoxide  to  carbon  dioxide  ? 

Solution. — The  equation  shows  that  4  volumes  of  carbon  monoxide 
require  2  volumes  of  oxygen ;  hence  2  liters  of  carbon  monoxide  will 
require  1  liter  of  oxygen.     Ans. 

Example  III. — How  much  carbon  monoxide  is  required  to  produce 
100  c.  c.  of  carbon  dioxide  ? 

Solution. — Four  volumes  of  carbon  dioxide  require  4  volumes  of 
carbon  monoxide ;  therefore  100  c.  c.  carbon  dioxide  will  require 
100  c.  c.  carbon  monoxide.     Ans. 
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INORGANIC  CHEMISTRY. 


GENERAL   CLASSIFICATION. 

46.  The  elementary  bodies  are  arbitrarily  divided  into 
two  classes,  metals  and  non-metals  or  metalloids.  This  great 
division  was  made  in  the  latter  part  of  the  eighteenth 
century  when  only  a  few  elements  were  known.  With  the 
rapid  progress  of  chemistry  and  the  discovery  of  more  and 
more  elements,  it  has  now  become  impossible  to  draw  as 
sharp  and  clear  a  line  of  demarcation  as  formerly ;  in  fact, 
opinions  differ,  and  some  elements  which  are  termed  metal- 
loids by  one  authority  are  classed  among  the  metals  by 
another.  However,  metals,  as  a  whole,  form  oxides  which 
act  as  bases,  while  the  non-metallic  oxides  form  acids.  In  the 
first  class  are  placed  such  elements  as  gold,  silver,  lead,  copper, 
etc. ;  in  the  second  those  which  are  gases  at  ordinary  tem- 
peratures, such  as  oxygen,  hydrogen,  etc.,  together  with 
some  solids,  as  sulphur,  etc.  The  number  of  the  metals 
exceeds  those  of  the  metalloids;  at  present  we  are  acquainted 
with  about  55  metals  and  17  non-metals.  These  seventy-two 
elements  are  the  foundation  upon  which  the  whole  fabric  of 
chemical  science  is  built  up,  and  every  description  of  matter 
which  has  been  examined  is  found  to  be  made  up  of  these 
elements,  either  united  together  as  compounds  or  in  the 
uncombined  state. 

Some  of  the  elements  are  very  abundant  and  occur  widely 
distributed  in  nature,  while  others  have  been  found  only  in 
such  minute  and  rare  quantities  that  their  examination  has 
often  been  an  extremely  difficult,  and  not  always  an  entirely 
satisfactory,  one. 

METALLOIDS. 

47.  In  the  present  course  the  most  important  metalloids 
will  be  considered  in  the  following  order: 

Hydrogen,  Fluorine,  Antimony, 

Oxygen,  Sulphur,  Boron, 

Chlorine,  Nitrogen,  Silicon, 

Bromine,  Phosphorus,  Carbon. 

Iodine,  Arsenic, 
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HYDROGEN. 

Symbol^  H.  Atomic  weighty  1,  Valence^  I.  Density ^  1. 
Molecular  weighty  2. 

48.  Hydrogen  was  first  accurately  described  in  1766  by 
Cavendish,  and  named  by  Lavoisier,  though  it  was  apparently 
known  to  Paracelsus  in  the  sixteenth  century.  Hydrogen 
occurs  free  in  certain  volcanic  gases ;  combined  it  exists  in 
water,  every  cubic  centimeter  of  which  contains  1^  liters; 
it  is  also  found  in  petroleum  and  bitumen,  and  in  all  animal 

and  vegetable  tissues. 

• 

49.  Properties. — Hydrogen  is  a  colorless,  odorless,  and 
tasteless  gas.  It  is  the  lightest  matter  known,  being  14.43 
times  lighter  than  air  and  11,000  times  lighter  than  water. 
Its  molecular  weight  is  therefore  smaller  than  that  of  any 
other  known  substance.  Its  refractive  power  on  light  is 
remarkable,  being  6.614  times  that  of  air.  It  is  soluble  to  a 
very  slight  extent  in  water,  100  volumes  of  which  dissolve 
but  1^  volumes  of  hydrogen.  Owing  to  its  lightness,  the 
velocity  of  sound  in  hydrogen  is  trebled,  but  its  intensity 
is  much  enfeebled.  Hydrogen  is  the  standard  of  density 
and  of  molecular  weight  and  volume.  One  liter  weighs 
.0896  gram  or  1  crith. 

Hydrogen  is  combustible ;  that  is,  when  heated  to  about 
600°  C.  it  becomes  capable  of  combining  with  the  oxygen  of 
the  air,  light  and  heat  being  evolved  in  the  process.  The 
flame  of  burning  hydrogen  is  pale,  and  under  atmos- 
pheric pressure  is  scarcely  luminous,  though  it  becomes 
bright  if  the  pressure  is  increased.  The  heat  evolved  by  it 
is  very  great,  the  burning  of  1  gram  producing  heat  suffi- 
cient to  raise  34,462  grams  of  water  from  0°  to  1°;  this 
corresponds  to  34,462  heat-units.  It  does  not  support  com- 
bustion or  respiration;  a  lighted  candle  placed  in  it  is 
extinguished,  and  animals  die  when  confined  in  it.  It 
is  the  standard  of  valence  and  atomic  weight.  Hydrogen  is 
capable  of  being  absorbed  or  ** occluded"  by  many  metals, 
at  more  or  less  elevated  temperatures.  Of  these  metals, 
palladium  is  the  most  remarkable,  being  able  at  ordinary 
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temperatures  to  take  up  over  nine  hundred  times  its  own 
volume  of  hydrogen,  forming  a  white  metallic  solid. 

On  account  of  its  lightness,  hydrogen  is  used  to  fill  bal- 
loons for  aeronautic  purposes,  one  liter  of  hydrogen  possess- 
ing an  ascensional  power  of  1.2  grams. 


OXYGEN. 

Symbol^  O.  Atomic  weighty  15,88  (16),  Valence^  IL 
Density,  16.88.      Molecular  weight,  31,76, 

50.  History. — The  discovery  of  oxygen  was  made  by 
Dr.  Priestley  and  Scheele  in  1774  and  1775,  independently 
of  each  other.  Oxygen  occurs  abundantly  in  nature,  both 
in  the  free  state  and  in  combination  with  other  elements. 
About  one-fifth  of  the  atmosphere  consists  of  this  gas;  it 
also  constitutes  eight-ninths,  by  weight,  of  water  and  nearly 
one-half  of  the  earth's  solid  crust. 

51.  Properties. — Oxygen  is  an  odorless,  colorless,  and 
tasteless  gas.  It  is  somewhat  heavier  than  air,  its  specific 
gravity  being  1.1056.  Water  dissolves  it  only  slightly, 
100  volumes  taking  up  3  volumes  of  oxygen  at  ordinary 
temperatures.  It  is  strongly  magnetic ;  calling  the  magnet- 
ism of  iron  1,000,000,  that  of  oxygen  is  377.  Hence  the 
magnetic  power  of  atmospheric  oxygen  is  quite  appreciable, 
the  diurnal  variations  of  the  magnetic  needle  being  due,  at 
least  partially,  to  variations  in  the  intensity  of  this  magnet- 
ism, owing  to  changes  of  temperature.  Oxygen  is  capable 
of  entering  into  combination  with  all  the  elements  except 
fluorine,  but  in  the  state  in  which  it  is  usually  obtained, 
heat  is  necessary  to  accomplish  this  union.  Combustion, 
in  the  ordinary  sense  of  the  word,  is  the  result  of  the  union 
of  some  other  element  with  oxygen,  attended  with  light 
and  heat.  When  hydrogen,  sulphur,  charcoal,  phosphorus, 
sodium,  or  iron,  for  instance,  are  brought  in  contact  with 
oxygen,  at  a  suitable  temperature,  they  burn,  evolving  heat 
and  light,  thus  producing  oxides  of-  these  substances. 
Oxygen  is  therefore  an  intensely  active  substance,  in  which 
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the  rapidity  of  ordinary  combustion  is  vastly  increased.  It 
is  respirable  when  pure,  and  produces  a  quickening  of  the 
circulation. 


Hydrogen  oxide  or  water.  Formula^  Hfi.  Molecular 
weighty  17.88.  Density,  8. 9 i.  1  liter  weighs  1^000  grams  at 
i°  C.  Specific  gravity^  1.  Solidifies  at  0^  C.  Boils  at 
100''  C. 

52.  Until  1773  water  was  considered  an  element,  when 
Lavoisier  proved  its  compound  nature,  but  it  was  only  in 
the  year  1805  that  Berzelius  and  Dulong  succeeded  in  prov- 
ing its  combining  proportion  by  weight. 

Water  is  found  in  nature  in  the  three  distinct  forms  of 
ice,  water,  and  steam.  Its  appearance  and  ordinary  physi- 
cal character  are  so  well  known  that  any  description  seems 
unnecessary. 

53.  Properties. — Between  the  temperatures  of  0°  and 
100°  water  is  a  tasteless,  colorless,  odorless,  and  limpid  liquid. 
The  most  remarkable  property  of  water  is  its  great  solvent 
power,  there  being  comparatively  few  substances  which  it 
does  not  dissolve  in  large  or  small  quantities.  It  possesses 
neither  an  acid  nor  an  alkaline  reaction  and  is  a  poor  con- 
ductor of  heat  and  electricity.  When  cooled  to  0°  it  solidi- 
fies in  crystals,  which  are  derived  from  the  hexagonal  prism, 
and  which  may  be  well  observed  in  the  snow-flake.  When 
heated  to  100°  it  is  converted  into  vapor.  It  unites  with 
most  oxides,  forming  either  acids  or  bases. 

It  is  the  standard  of  specific  gravity  for  liquids,  and  is 
taken  as  the  unit  of  weight  in  the  decimal  system,  one  cubic 
centimeter  of  water  at  4°  C.  weighing  one  gram. 

Chemically  pure  water  is  usually  obtained  by  freeing 
natural  water  from  the  small  quantity  of  foreign  substances 
which  it  contains ;  and  as  most  of  these  are  solid  bodies  in 
the  state  of  solution,  the  water  is  commonly  purified  by  the 
process  of  distillation. 
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54.  Analysis  of  TSTater. — To  analyze  water  directly, 
it  may  be  submitted  to  the  action  of  electricity,  but  as 
water  by  itself  is  not  decomposed  by  this  agent,  a  secondary 
action  must  be  brought  into  play,  A  little  sulphuric  acid  is 
added  to  the  water;  this  is  decomposed  by  the  electricity, 
and  reacts  upon  the  water,  separating  it  into  its  constitu- 
ents. A  convenient  apparatus  for  this  purpose  is  shown  in 
Fig.  2.    Two  tubes  /  and  /„  closed  at  one  end  and  filled  with 


water,  stand  with  their  mouths  beneath  a  surface  of  some 
acidulated  water  in  a  glass  jar  A.  Through  the  bottom  of 
the  jar  two  wires  if  and  w^  enter  into  the  tubes  and  con- 
nect two  small  pieces  of  platinum  /  and^,,  which  form  the 
positive  and  negative  terminals  of  a  battery  of  cells.  On 
turning  the  electric  current  on  from  battery  B  by  means  of 
the  switch  S,  it  will  soon  be  noticed  that  the  tube  over  the 
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negative  electrode  fills  twice  as  rapidly  as  the  other,  and  on 
testing  the  gas  in  each,  when  both  tubes  are  filled,  the  gas 
in  the  negative  tube  will  be  found  to  be  hydrogen,  while 
that  in  the  other  is  oxygen.  Water  contains,  therefore, 
2  volumes  of  hydrogen  and  1  volume  of  oxygen,  and  as  oxy- 
gen is  16  times  heavier  than  hydrogen,  the  ratio  by  weight 
must  be  2  :  16  or  1  :  8,  or,  more  exactly,  water  consists  of 
ll.llji  of  hydrogen  and  88.89j<  of  oxygen. 


HYDROGEN  PBROXIDB. 

Free  hydroxy  I.  Forfnula,  Hfi^.  Molecular  weighty  33,76, 
Specific  gravity  of  liquid^  1,^62, 

55«  Properties.  —  Hydrogen  peroxide  is  a  colorless, 
syrupy  liquid  with  a  specific  gravity  of  1.452.  It  begins  to 
decompose  at  15°  C,  and  at  100°  C.  separates  into  oxygen 
and  water  (2//, (9,  =  <?,  +  2^7,(9).  Diluted  with  water,  it 
becomes  more  permanent  and  is  easier  to  preserve.  It  has 
a  harsh  taste,  and  whitens  the  skin  when  placed  upon  it. 
It  is  well  known  and  extensively  used  as  a  bleaching  agent. 

Its  most  remarkable  property  is  the  facility  with  which  it 
evolves  oxygen  under  certain  conditions.  Metallic  plati- 
num, gold,  and  silver,  when  finely  divided,  decompose  it 
almost  with  explosion ;  their  oxides,  as  well  as  the  peroxides 
of  lead  and  manganese,  decompose  it  also,  giving  up  a  part 
of  their  oxygen  at  the  same  time. 


OZONB. 

Formula^  (9,.    Molecular  iveight^  47. 6^.    Density,  23.82. 

56«  Properties.  —  This  gas,  which  has  never  been 
obtained  in  the  pure  state,  is  a  curious  modification  of  oxy- 
gen. Its  density  is  exactly  half  as  much  again  as  that  of 
oxygen.  Traces  of  it  are  found  in  the  air  near  the  seaside,  and 
also  in  the  open  country.  It  is  a  colorless  or  slightly  bluish 
gas  with  a  peculiar  odor  and  has  an  irritating  effect  upon  the 
mucous  surfaces  of  the  animal  body.     It  possesses  a  strong 
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bleaching  power  and  is  distinguished  by  its  powerful  oxidi- 
zing properties.  Many  of  the  metals,  including  those  so  dif- 
ficult to  oxidize  as  copper,  mercury,  and  silver,  are  rapidly 
converted  into  oxides  through  its  agency.  Ozone  is  soluble 
in  water,  and  imparts  to  it  its  characteristic  odor.  It  decom- 
poses very  slowly  into  oxygen  at  ordinary  temperatures,  but 
at  a  temperature  of  237°  C.  the  change  is  instantaneous. 

The  extra  density,  24,  shows  that  in  ozone  three  volumes 
of  oxygen  occupy  the  space  of  two  volumes  of  the  ordinary 
gas ;  hence  the  view  that  the  ozone  molecule  contains  three 
atoms  instead  of  two  as  in  oxygen.  In  oxidation  by  ozone, 
it  is  the  extra  volume  of  oxygen  which  enters  into  combina- 
tion, the  normal  oxygen  set  free  occupying  the  same  space 
as  the  original  ozone ;  this  is  shown  in  the  following  equa- 
tion: 

ozone  +  silver  =   oxide  "^  oTyg^n 

S7.  Allotropy, — Although  oxygen  and  ozone  present 
striking  differences  in  their  properties,  yet  ozone  is  only  a 
modification  of  oxygen.  Other  elements  also  exist  in  one  or 
more  forms,  due  either  to  variations  in  the  number  of  atoms 
in  the  molecule  or  to  variations  in  the  method  of  their 
arrangement  in  forming  the  molecule.  Whenever  an  ele- 
ment occurs  in  two  or  more  distinct  forms^  it  is  said  to  exhibit 
allotropy^  and  the  less  common  varieties  are  said  to  be  alio- 
tropic  forms  of  that  element. 

For  this  reason  ozone  is  sometimes  called  allotropic  oxy- 
gen. 


CHLORINE. 

Symbol,  CI  Atomic  weight,  35,18  {35,6),  Valence,  /,  ///, 
F,  and  VII,     Density,  35,18,     Molecular  weight,  70,36, 

58«  Properties. — Chlorine  is  not  known  to  exist  free 
in  nature,  but  it  is  widely  distributed  in  combination  with 
sodium,  forming  rock  salt.  Chlorine  is  a  yellowish-green  gas 
with  a  peculiar  suffocating  odor  and  taste,  causing  cough- 
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ing  when  present  in  only  minute  quantities,  and  if  inhaled  in 
larger  quantities,  serious  inflammation  of  the  lungs  and  air- 
passages.  Its  specific  gravity  is  2.46.  When  subjected  to  a 
temperature  of  —  40°  C,  or,  at  ordinary  temperatures,  to  a 
pressure  of  four  atmospheres,  it  condenses  to  a  dark  yellow 
liquid  of  a  specific  gravity  of  1.38,  which  liquid  does  not 
solidify  even  when  cooled  to  110°  C.  It  is  quite  soluble  in 
water,  1  volume  of  which  at  11°  C.  dissolves  nearly  3  vol- 
umes of  chlorine  gas,  forming  a  solution  which  possesses 
essentially  the  same  properties  as  the  gas  itself.  Cooled  to 
0°  C.  a  definite  molecular  compound  crystallizes  out,  contain- 
ing one  molecule  of  chlorine  to  every  ten  molecules  of  water. 
Chlorine  has  an  exceedingly  strong  affinity  for  other  sub- 
stances, and  combines  directly  with  all  the  elements  except 
oxygen,  nitrogen,  and  carbon.  When  finely  divided  copper, 
tin,  antimony,  or  arsenic  is  placed  in  the  gas,  the  latter  com- 
bines with  either  of  them  to  form  a  chloride,  light  and  heat 
being  at  the  same  time  evolved.  Phosphorus  at  ordinary, 
and  sodium  at  more  elevated,  temperatures  burn  in  chlorine 
spontaneously,  forming  phosphorus  and  sodium  chlorides, 
respectively.  The  attraction  of  chlorine  to  hydrogen  is 
specially  strong,  the  two  gases  exploding  violently  when 
mixed  together  and  exposed  to  the  sunlight.  Owing  to  its 
slight  attraction  to  oxygen,  chlorine  does  not  burn  in  the 
air  at  any  temperature. 

One  of  the  most  noticeable  properties  of  chlorine  is  its 
bleaching  power,  due  to  its  attraction  to  hydrogen.  Water 
becomes  decomposed  by  the  chlorine,  and  the  oxygen  which 
is  thereby  set  free  destroys  the  vegetable  coloring  matter. 
Mineral  colors  in  general  are  not  affected  by  chlorine.  Its 
tendency  to  unite  with  hydrogen,  and  thus  destroy  foul- 
smelling  gases,  of  which  hydrogen  is  a  constituent,  is  the 
cause  of  its  value  as  a  disinfecting  agent.  « 

Chlorine  is  largely  used  in  the  arts  for  the  preparation  of 
the  so-called  chloride  of  lime,  the  form  in  which  this  gas  is 
made  available  as  a  bleaching  agent. 

Chlorine,  like  oxygen,  is  capable  of  existing  in  two  states 
or  conditions,  an  active  and  a  passive  one.    The  passive  state 
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is  obtained  by  preparing  chlorine  in  the  dark,  the  active  one 
by  preparing  it  in  full  daylight.  Passive  chlorine  may  be 
mixed  with  hydrogen  without  chemical  combination  taking 
place,  but  if  the  mixture  is  placed  in  the  sunlight,  the  chlo- 
rine becomes  at  once  active  and  unites  with  the  hydrogen 
with  explosive  violence. 


HYDROCHLORIC    ACID. 

Formula,  HCL    Molecular  weight,  36,18,     Density,  18.09, 

59.  Hydrogen  chloride  is  the  only  known  compound  of 
chlorine  and  hydrogen,  and  is  commonly  known  as  hydro- 
chloric or  muriatic  acid.  It  is  a  colorless  acid  gas  with  a 
sharp,  pungent  odor,  fuming  strongly  in  the  air.  It  is  irre- 
spirable  and  extinguishes  flame.  Subjected  to  a  pressure  of 
40  atmospheres  at  10**  C,  or  of  2  atmospheres  at  —70°  C,  it 
condenses  to  a  colorless,  limpid  liquid  having  a  specific  grav- 
ity of  1. 27.  Hydrochloric  acid  is  remarkably  soluble  in  water, 
1  volume  of  which  dissolves  450  volumes  of  the  gas  at 
15°  C,  forming  the  liquid  acid.  This  acid  possesses  a  specific 
gravity  of  1.21,  and  when  subjected  to  heat  again  evolves 
hydrochloric  acid  gas,  until,  under  ordinary  atmospheric 
pressure,  the  solution  contains  20.22;^^  of  the  gas;  then  the 
boiling-point  remains  stationary  at  110°  C,  and  the  liquid 
distils  over  unchanged. 

Hydrochloric  acid  is  manufactured  on  an  immense  scale 
as  a  waste  product  in  the  soda  industry,  and  is  used  for  vari- 
ous purposes  in  the  chemical  arts. 


OXIDBS  AND  ACIDS  OF  CHLORINE. 

60.  As  chlorine  may  act  with  varying  equivalence,  that 
is,  as  a  monad,  triad,  pentad,  or  heptad,  its  oxides  and  corre- 
sponding acids  are  theoretically  as  follows: 

Hypochlorous  oxide,  Clfi,  Hypochlorous  acid,  HCIO, 

Chlorous  oxide,  ^K'^%'  Chlorous  acid,  HCIO^, 

Chloric  oxide,  ^^,^k-  Chloric  acid,  HCIO^, 

Perchloric  oxide,  Clfi.  Perchloric  acid,  HCIO^ 
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Of  these  oxides,  only  the  first  has  been  prepared,  but 
all  the  acids  and  another  oxide,  ClO^^  can  be  obtained.  The 
most  important  of  these  compounds  are : 

61.  Hypoclilorous  Oxide,  Hypoclilorous  Acid, 
and  Cliloric  Acid. — Hypochlorous  oxide  is  an  unstable, 
yellow  gas  which  condenses  at  20°  C.  to  a  blood-red  liquid. 
It  is  easily  decomposed  into  chlorine  and  oxygen,  and  has  a 
penetrating,  chlorine-like  odor.  Hypochlorous  oxide  dis- 
solves readily  in  water,  forming  hypochlorous  acid,  which 
retains  the  strong  odor  of  the  oxide,  and  possesses  even  a 
greater  bleaching  power  than  chlorine  itself.  Chloric  acid, 
HClO^y  is  prepared  by  the  action  of  sulphuric  acid  on  a  solu- 
tion of  barium  chlorate.  The  acid  is  not  largely  used,  but 
its  salts — the  chlorates — are  important. 


THE   HAI^OGEN    GROUP. 

62.  The  three  elements,  bromine,  iodine,  and  fluorine, 
together  with  the  already  described  chlorine,  constitute  the 
group  known  as  the  ** halogens."  As  most  acids  are  oxy- 
acids,  their  corresponding  salts  must  therefore  contain 
oxygen,  and  consequently  are  ternaries.  The  halogens, 
however,  possess  the  property  of  yielding  salts  by  a  direct 
union  with  the  metals,  and  these  salts  are,  of  course, 
binaries.  These  salts,  from  their  similarity  to  sea-salt,  have 
been  called  ** haloid  salts,"  and  the  name  of  halogens  is 
given  to  the  elements  from  which,  by  union  with  the  metals, 
these  salts  are  derived. 

The  connection  between  chlorine,  bromine,  and  iodine  is 
much  closer  than  that  with  fluorine.  Of  the  first  three 
elements,  chlorine  is  a  gas,  bromine  a  liquid,  and  iodine  a 
solid.  The  density  of  the  series  increases,  with  chlorine  as 
the  .lowest  and  iodine  as  the  highest.  The  chemical  activity 
diminishes  with  the  increase  of  density.  Even  the  atomic 
weights  show  this  remarkable  gradation,  the  atomic  weight 
of  bromine,  79.34,  being  nearly  a  mean  between    chlorine 

and  iodine;  thus  — '- — ~ '- —  =  80.53.     The  salts  of  these 
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elements  are  much  alike,  those  of  the  same  metal  generally 
crystallizing  in  the  same  form. 


BROMINB. 

Formula,  Br,  Atomic  weight,  79.3Ji.  {80).  Valence,  /,  V, 
ViL     Density,  79. SJ^.     Molecular  weight,  158,68. 

63.  Properties. — Bromine,  like  chlorine,  never  occurs 
free  in  nature,  but  in  combination  with  other  elements, 
such  as  sodium,  potassium,  and  magnesium;  it  is  found  in 
the  mineral  matter  contained  in  the  waters  of  mineral 
springs  and  also  of  the  ocean,  as  well  as  in  certain  mineral 
deposits,  particularly  in  the  vast  salt  deposits  of  Stassfurt, 
in  Germany.  Bromine  is,  at  ordinary  temperatures,  a 
heavy,  reddish-brown  liquid,  which  gives  off  a  brown  vapor, 
having  an  odor  resembling  that  of  chlorine.  At  a  tempera- 
ture of  63°  C.  it  boils  and  is  converted  into  a  deep  red  vapor. 
When  cooled  down  to  22°  C.  it  freezes  and  becomes  a  dark 
lead-gray  solid  with  a  metallic  luster.  Water  dissolves 
bromine  only  slightly.  Its  behavior  is  generally  similar  to 
chlorine,  exerting,  like  this  gas,  a  decided  bleaching  action. 
It  is  an  active  corrosive  poison. 

Bromine  colors  starch  yellow,  and  a  bromide  in  aqueous 
solution  precipitates  silver  from  its  solutions  as  a  yellow 
silver  bromide.     It  is  largely  used  in  photography. 


IODINE. 

Symbol,  I.  Atomic  weight,  125.89  {127).  Valence,  I,  III, 
V,  VII.     Density,  125.89.     Molecular  weight,  251.78. 

64.  Properties. — Iodine  occurs  in  certain  sea-plants 
and  may  be  extracted  from  the  ashes  of  seaweed.  It  is  at 
ordinary  temperatures  a  bluish-black  solid  of  specific  gravity 
4.95,  which  gives  off  small  quantities  of  violet  vapor.  It 
melts  at  115°  C.  and  boils  at  200°  C,  when  the  color  of  the 
vapor  becomes  so  dark  as  to  appear  nearly  black.  Iodine  is 
only  slightly  dissolved  in  water,  but  is  quite  soluble  in  alcohol, 
ether,  carbon  disulphide,  and  chloroform. 


g  33  ELEMENTARY  CHEMISTRY.  39 

As  regards  chemical  activity,  it  is  third  in  the  series,  being 
next  to  bromine.  It  bleaches  but  faintly,  if  at  all,  in  full 
sunlight,  but  combines  directly  with  the  metals  to  form 
iodides.  It  stains  the  skin  yellow,  but  is  not  a  corrosive 
poison.  It  is  largely  used  in  photography  and  for  medical 
purposes,  being  particularly  beneficial  in  glandular  affec- 
tions. 

Iodine  is  characterized  by  yielding  a  most  remarkable 
reaction  with  starch.  The  addition  of  a  minute  trace  of 
free  iodine  colors  starch  solution  a  deep  blue.  The  color 
vanishes  on  boiling,  but  reappears  as  the  liquid  cools. 
Iodine  when  in  a  state  of  combination  does  not  produce  this 
reaction.  

FLUORINE. 

Symbol,  F.  Atomic  weight,  18,91  (19).  Valence,  /,  ///. 
Density,  18,91.     Molecular  weight,  37.82. 

65«  Fluorine  occurs  in  nature  in  combination  with 
calcium,  in  fluorspar,  and  also  in  the  mineral  cryolite.  It  is 
such  an  exceedingly  active  element  that  it  is  almost  impos- 
sible to  obtain  it  in  a  free  state.  Whenever  liberated  by 
any  chemical  action,  it  immediately  attacks  the  vessel  in 
which  it  is  contained.  Little,  therefore,  is  known  about 
this  element. 


HYDROGBN  COMPOUNDS  OF  BROMINB,  lODINB,  AND 

FLUORINE. 

66«     Hydrogen   Bromide   or  Hydrobromic    Acid. 

— Formula,  HBr.  Molecular  weight,  80. 3 J^.  Density,  Jfi.n. 
Hydrobromic  acid  is  a  colorless  acid  gas  which  fumes 
strongly  in  moist  air,  and  which  is  very  soluble  in  water. 
Cooled  to  —68.5°  C.  it  becomes  a  liquid,  and  at  a  little 
lower  temperature  freezes. 

67.  Hydrogen  Iodide  or  Hydriodic  Acid. — For- 
mula, HI,     Molecular  weight,  126.89.     Density,  63.4iS. 

Hydriodic  acid  is  a  colorless  gas,  which  possesses  a  strong 
acid  reaction  and  fumes  in  the  air.     It  is  readily  condensed 
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under  a  pressure  of  4  atmospheres,  yielding  a  liquid,  which 
at  a  temperature  of  —  51°C.  freezes  to  a  clear,  ice-like  solid. 
It  is,  like  hydrochloric  acid,  quite  soluble  in  water,  yielding 
a  solution  having  a  specific  gravity  of  1.7,  and  which  boils 
at  127°  C.  and  contains  57^  of  hydriodic  acid.  This  solution 
is    very    frequently    employed    as    a    reagent    in   organic 

chemistry. 

# 

68.  Hydrofluoric  Acid. — Formula^  HF,  Molecular 
weight,  19.91,     Density,  9.955, 

Hydrofluoric  acid  is  a  colorless  gas,  fumes  in  the  air,  and 
is  a  strong  reagent.  It  is  most  corrosive  in  its  action,  caus- 
ing painful  ulcers  if  brought  in  contact  with  the  skin,  and  if 
inhaled  creates  serious  irritation  of  the  lungs.  The  charac- 
teristic property  of  hydrofluoric  acid  is  its  ability  to  attack 
and  dissolve  glass  and  other  compounds  of  silica.  If  a  piece 
of  glass  is  covered  with  a  thin  coating  of  wax,  and  then  a 
design  scratched  on  the  surface  with  a  needle,  hydrofluoric 
acid  dissolves  the  glass  where  the  wax  has  been  removed, 
and  so  produces  a  permanent  etching  of  the  design  on  the 
surface  of  the  glass. 


OXIDES  AND  ACIDS  OF  BROMINB  AND  lODINB. 

69.  Theoretically,  the  series  of  oxides  and  acids  of 
bromine  and  iodine  is,  owing  to  the  analogous  character  of 
these  elements,  the  same  as  that  of  chlorine,  but  only  a  few 
members  of  these  groups  have  been  so  far  obtained. 

Of  the  bromine  compounds,  only  the  following  are  known: 

Hypobromous  acid,  I/Br"'0, 
Bromic  acid,  HBr^O^, 

Perbromic  acid,        HBr^'"0^ ; 

and  of  the  iodine  compounds,  those  given  below  have  been 
prepared : 

Hypoiodous  acid,  HI'O. 
Iodic  oxide,        ^^fi^-  Iodic  acid,  HHO^, 

Periodic  oxide,  F'^fi,,         Periodic  acid,        HH^'O^. 
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SULPHUR- 

Symbol,  S.  Atomic  weight,  31,83  {32),  Valence,  II,  IV, 
VI  Density  of  vapor,  31,83  at  1,000''.  Molecular  weight, 
63,66,     Specific  gravity  of  native  crystals,  2,05. 

70«  Occurrence  and  Properties. — Sulphur  has 
apparently  been  known  from  prehistoric  times,  and  is 
remarkable  for  its  abundance  in  nature.  It  exists  in  a  free 
state  in  volcanic  districts,  is  found  in  the  water  of  certain 
mineral  springs  as  hydrogen  sulphide,  and  is  otherwise 
widely  distributed  in  nature  in  combination  with  various 
metals,  forming  numerous  sulphides  and  sulphates  com- 
monly termed  ores,  of  which  the  following  are  the  best 
known  and  most  abundant:  iron  pyrites,  copper  pyrites, 
crude  antimony,  blende,  gypsum,  celestine,  and  heavy-spar. 
Sulphur  also  forms  an  essential  part  of  animal  tissues,  and 
exists  to  a  considerable  extent  in  those  of  plants.  It  is 
commercially  prepared  in  two  forms:  **  flowers  of  sulphur*' 
and  **  roll  sulphur  "or  *'  brimstone." 

Sulphur  is  capable  of  existing  in  three  distinct  allotropic 
forms  or  modifications : 

(I)  The  first  variety  is  found  in  nature.  It  is  a  lemon- 
yellow,  brittle  solid,  crystallizing  in  orthorhombic  octahe- 
drons [see  Fig.  3  (^)  ],  possessing  a  specific  gravity  of  2.05. 
This  variety  is  soluble  in  carbon  disulphide,  and  may  be 
readily  crystallized  therefrom. 

(II)  The  second  variety  is  produced  by  heating  variety 
(I)  to  about  115°  C.  and  allowing  the  melted  mass  to  cool  off 
slowly.  Yellowish-brown,  needle-shaped  crystals,  derived 
from  an  oblique  prism,  are  thus  obtained  [Fig.  3  (^)  ], 
which  are  transparent  and  have  a  specific 
gravity  of  1.98.  Variety  (II)  is  insoluble 
in  carbon  disulphide,  and  passes  slowly  at 
ordinary  temperatures,  more  rapidly  at  a 
higher  one,  back  into  variety  (I). 

Sulphur,    since    it    crystallizes    in    two  fig.  8. 

forms,    belonging    to   two   distinct    systems,    is  termed   a 
dimorphous  element. 
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(III)  The  third  variety  of  sulphur  is  produced  by  heating 
melted  sulphur  to  a  temperature  of  about  350°  C,  and  then 
suddenly  cooling  it  by  pouring  it  into  water.  It  is  a  soft, 
india-rubber-like  mass  of  a  yellowish-brown  color,  which  may 
be  drawn  out  into  long  threads.  It  has  a  specific  gravity  of 
1.95  and  is  insoluble  in  carbon  dioxide.  It  passes  slowly 
back  into  variety  (I),  but  if  heated  to  100°  it  undergoes  this 
change  suddenly,  the  thermometer  rising  to  110°  from  the 
heat  evolved. 

Either  variety  melts  at  115°  C,  becoming  a  pale  yellow, 
limpid  liquid;  as  the  temperature  is  increased  it  becomes 
viscous,  until,  between  200°  and  250°  C,  the  vessel  may  be 
inverted  without  the  sulphur  running  out  of  it;  at  about 
350°  C.  it  becomes  a  liquid  again,  which  boils  at  440°  C. 
The  density  of  sulphur  vapor  at  500°  C.  being  96  was  for 
a  long  time  considered  anomalous,  till  it  was  proved  by 
experiments  that  at  1,000°  C.  the  density  becomes  about  32. 
From  this  anomaly  the  conclusion  is  derived  that  at  500°  C. 
sulphur  must  be  hexatomic,  while  at  1,000°  C.  it  is  diatomic. 

When  heated  to  260°  C.  in  the  air,  sulphur  takes  fire  and 
burns  with  a  pale  blue  flame  and  emits  a  suffocating  odor. 
It  is  a  supporter  of  combustion,  many  metals  taking  fire 
in  its  vapor  and  burning  actively  in  it. 

Sulphur  combines  readily  with  other  elements,  forming 
sulphides. 

In  the  arts,  sulphur  is  extensively  used  in  the  manufacture 
of  sulphuric  acid  for  bleaching  vegetable  and  animal  mat- 
ters, and  for  other  purposes. 


SULPHUR  AND  HYDROGBN. 

71.  Hydrogen  Sulphide. — Formula^  H^S,  Molecular 
weight,  33. 83.     Density,  16. 915. 

Hydrogen  sulphide,  also  known  as  sulphureted  hydrogen, 
is  a  colorless  gas  with  a  disgusting  smell  like  that  of  rotten 
eggs.  It  has  a  specific  gravity  of  1.177.  It  is  inflammable 
and  burns  with  a  pale  blue  flame,  but  is  not  a  supporter  of 
combustion.     If  cooled  to  —  74°  C.  or  subjected  at  ordinary 
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temperatures  to  a  pressure  of  17  atmospheres,  the  gas  is  con- 
densed to  a  liquid,  which  freezes  to  an  ice-like  mass  at 
—  85°  C.  It  reacts  with  metals  and  their  oxides  to  produce 
sulphides,  setting  hydrogen  free  in  the  first  case  and  water  in 
the  second,  as  maybe  seen  from  the  two  following  equations; 

(1)  If,S    +Sn=     SnS     +       //, 
Xh^J*  +  ""  =  ShidI  ^  hydrogen 

(2)  SnO     +       I/,S     =      SnS   +  //,0 


When  inhaled,  hydrogen  sulphide  acts  as  a  poison  on  the 
animal  system,  even  if  diluted  with  large  quantities  of  air. 
The  gas  dissolves  in  water  to  a  considerable  extent,  impart- 
ing its  peculiar  smell  and  a  slightly  acid  reaction  to  the 
water. 

Hydrogen  sulphide  is  extensively  used  in  the  laboratory 
as  a  reagent,  the  sulphides  which  it  produces  being  charac- 
teristic for  certain  metals,  either  in  color,  in  solubility,  or 
in  some  other  easily  recognized  properly. 

The  action  of  hydrogen  sulphide  upon  metallic  solutions 
may  be  shown   by  the   apparatus   represented   in   Fig.   4. 


Hydrogen  sulphide  is  evolved  from  ferrous  sulphide  con- 
tained in  the  two-necked  bottle  a,  and  passes  successively 
through  the  solutions  in  the  four  adjoining  bottles,  the 
escaping    gas    being    retained    in   a   solution   of   ammonia 
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contained  in  the  beaker  b.  In  the  first  bottle  may  be  placed  a 
dilute  acid  solution  of  lead,  in  the  second  one  of  arsenic,  in 
the  third  one  of  antimony,  and  in  the  fourth  one  of  zinc, 
which  is  made  slightly  alkaline  with  ammonia.  The  sul- 
phide of  leadm  the  first  bottle  will  be  black ;  the  sulphide 
of  arsenic  in  the  second,  yellow  ;  the  sulphide  of  antimony  \n 
the  third,  orange ;  and  the  sulphide  of  zinc  in  the  last,  white, 
The  first  three  metals  are  precipitated  in  acid  solutions^  the 
last  only  when  the  solution  is  alkaline. 


OXIDBS  AND  ACIDS  OP  SULPHUR. 

72.  Since  sulphur  may  unite  with  oxygen  as  a  dyad, 
tetrad,  or  hexad,  the  following  series  of  oxides  and  acids 
may  be  produced : 

Hyposulphurous  oxide,  SO,      Hyposulphurous  acid,  H^SO^. 
Sulphurous  oxide,  SO^.     Sulphurous  acid,  H^SO^. 

Sulphuric  oxide,  SO^,     Sulphuric  acid,  H^SO^. 

Hyposulpl\urous  oxide,  however,  exists  only  theoretically. 

73.  Sulphurous  Oxide. — Formula^  SO^,  Molecular 
weight,  68.59,     Density,  31.795. 

Sulphurous  oxide  is  a  gaseous  body  which  condenses  to  a 
liquid  at  15°  C.  under  a  pressure  of  x*^  atmospheres,  or  under 
ordinary  pressure  if  cooled  to  —  8°  C.  It  freezes  at  —  76°  C. , 
and  is  more  than  twice  as  heavy  as  air,  having  a  specific 
gravity  of  2.247.  It  is  not  combustible;  in  fact,  burning 
bodies  introduced  into  it  are  extinguished  at  once.  Sul- 
phurous acid  {SO^  -\-  Hfi  =  HJSO^  possesses  strong  acid 
properties  and  destroys  vegetable  colors  readily,  apparently 
forming  a  direct  compound  with  them.  It  has  a  decided  tend- 
ency to  take  up  oxygen  and  change  into  sulphuric  acid,  and 
therefore  acts  as  an  energetic  reducing  agent.  On  account 
of  its  reducing  power,  sulphurous  acid  is  extensively  used  as 
a  preserving  fluid,  both  for  cider  and,  in  the  form  of  sodium 
sulphite,  for  canning  fruit  and  vegetables. 

A  reducing  agent  is  a  substance  which  removes  oxygen, 
or  elements  similar  to  it,  from  compounds. 
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74#  Sulphuric  Oxide. — Formula^  SO^  Molecular 
weight,  7947,     Density,  S9.735. 

Sulphuric  oxide  is  a  white,  wax-like  mass,  which,  when 
purified  by  repeated  distillation  in  hermetically  sealed 
tubes,  changes  into  a  liquid.  It  crystallizes  in  silky  fibers, 
resembling  asbestos.  It  unites  very  readily  with  water, 
forming  sulphuric  acid,  with  the  evolution  of  great  heat. 

75.  Sulphuric  Acid. — Formula,  H^SO^,  Molecular 
weight,  97.36.     Specific  gravity,  1.854.  ^l  ^°  C. 

Sulphuric  acid  was  prepared  by  Basil  Valentine  in  the 
fifteenth  century,  and  was  then  known  as  oleum  sulphur  is 
per  campanum.  Dr.  Roebuck  proposed  the  present  method 
of  manufacture,  the  acid  thus  made  being  therefore  called 
English  acid.  Except  water,  there  is  no  compound  of 
greater  importance  to  the  chemist  than  sulphuric  acid,  and 
it  holds  an  equally  important  position  in  the  chemical 
manufactures  as  in  the  laboratory.  Its  preparation  is  the 
starting-point  for  the  manufacture  of  hydrochloric  acid, 
sodium  carbonate,  and  many  other  valuable  substances  used 
in  the  arts. 

Sulphuric  acid  is  a  colorless,  corrosive  liquid  of  oily  con- 
sistency, and  of  a  specific  gravity  of  1.854  at  0°  and  1.842  at 
12°  C.  It  boils  at  338°  C.  and  solidifies  when  cooled  to 
—  35°C.  It  may  be  distilled,  but  suffers  a  partial  decompo- 
sition, so  that  the  distilled  product  contains  but  98.7^  of  the 
acid.  Sulphuric  acid  has  a  very  great  attraction  for  water, 
with  which  it  forms  definite  compounds,  the  union  of  the 
two  being  attended  with  the  evolution  of  great  heat.  From 
the  eagerness  with  which  sulphuric  acid  absorbs  water,  it  is 
largely  used  in  the  laboratory  as  a  drying  agent  for  gases. 
It  also  attacks  most  organic  bodies,  removing  the  water  from 
the  elements,  and  completely  charring  them.  When 
exposed  to  a  great  heat,  the  acid  is  decomposed  into  water, 
sulphur  dioxide,  and  oxygen. 

76.  Nordhausen  sulphuric  acid,  pyrosulphuric  acid, 
HJS^O^,  may  be  considered  as  a  compound  of  a  molecule  of 

N,  M.    JI.—io 
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ordinary  sulphuric  acid  and  a  molecule  of  sulphuric  oxide, 
thus: 

H,SO,  +  SO,  =  H^Sfi, 

It  is  named  after  a  town  in  Saxony,  where  it  is  prepared  in 
large  quantities.  It  is  chiefly  used  for  dissolving  indigo  in 
preparing  the  Saxony  blue  dye,  and  also  in  the  manufacture 
of  alizarine. 

SULPHUR  AND  CHLORINE. 

77.     Sulphides    of    Chlorine. — Three    sulphides     of 
chlorine  are  known : 

Sulphurous  chloride,  ^^.-^t- 

Perchloride  of  sulphur,      Cl^S. 
Tetrachloride  of  sulphur,  Cl^S. 

The  last  is  not  known  to  exist  in  a  free  state,  but  occurs  in 
combination  with  certain  metallic  chlorides,  as,  for  instance, 
stannic  chloride,  SnCl^^{Cl^S)^. 


NITROGEN. 

Symbol,  N,  Atomic  weight,  13. 9S  {U),  Density,  13.93. 
Molecular  weight,  27.86.     Valence,  III,  V. 

78.  Nitrogen  is  a  colorless,  odorless,  and  tasteless  gas. 
It  exists  in  a  free  state  in  the  air,  of  which  it  constitutes 
about  four-fifths  by  bulk;  combined  with  oxygen  and 
metals,  it  is  found  in  native  nitrates,  and  it  is  also  an  essen- 
tial constituent  of  many  organic  compounds.  Nitrogen  is 
slightly  lighter  than  air,  its  specific  gravity  being  0.972.  It 
is  not  a  poisonous  gas,  but  is  unable  to  support  life.  Ani- 
mals placed  in  it  quickly  die,  but  not  from  the  effects  of  the 
gas  upon  their  organism,  but  simply  from  suffocation. 

Nitrogen  differs  remarkably  in  its  properties  from  oxy- 
gen, with  which  it  is  closely  associated  in  the  air.  While 
oxygen  is  specially  characterized  by  its  great  chemical 
activity,  nitrogen  is  one  of  the  most  inactive  bodies,  enter- 
ing into  direct  combination  with  only  a  few  elements.  With 
oxygen   itself   it   only   combines   at   an    exceedingly    high 
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temperature.  Nitrogen  extinguishes  burning  bodies  intro- 
duced into  it,  and  is  not  itself  combustible  at  ordinary 
temperatures. 

Although  itself  so  inactive  when  free,  yet  its  compounds 
are  among  the  most  energetic  known. 


AMMONIA. 

Hydrogen  nitrite  or  ammonia.  Formula.  NH^,  Molecular 
weight,  16, 9S.     Density,  8.466, 

19»  Ammonia  is  a  colorless  gas  of  a  specific  gravity  of 
0.59;  it  has  a  pungent  odor,  and  acts  as  a  powerful  irritant, 
bringing  tears  to  the  eyes,  and  if  inhaled,  even  in  small 
quantities,  acts  destructively  upon  the  mucous  membrane 
of  the  mouth.  It  is  soluble  in  water  to  an  extraordinary 
degree,  1  volume  of  water  atO^C.  absorbing  1,149  volumes 
of  ammonia  gas,  forming  the  so-called  **aqua  ammoniae." 
The  gas  may  be  condensed  to  a  liquid  if  cooled  to  —50°  C.  or 
subjected  to  a  pressure  of  7  atmospheres.  Like  other  lique- 
fied gases,  liquid  ammonia  is  very  volatile,  and  produces 
great  cold  while  evaporating.  This  property  causes  it  to  be 
largely  used  in  the  manufacture  of  artificial  ice.  Ammonia 
is  a  non-supporter  of  combustion,  and  is  not  inflammable  at 
ordinary  temperatures,  but  takes  fire  and  burns  with  a 
greenish  flame  if  strongly  heated.  It  possesses  a  strong 
but  transient  alkaline  reaction  and  forms  a  well-marked  and 
important  series  of  salts. 


OXIDBS  AND  ACIDS  OF  NITROGEN. 

80.     Five  compounds  of  nitrogen  and  oxygen  are  known, 
their  names  and  composition  being  as  follows: 

Hyponitrous  oxide,  N^O. 

Nitrogen  dioxide  or  nitrosyl,  N^"0^. 
Nitrous  oxide,  N^"0, 

Nitrogen  tetroxide  or  nitryl,  N/0^. 
Nitric  oxide,  K'^O,. 
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By  the  union  of  two  of  the  above  with  water,  the  following 
acids  are  obtained : 

N^O^  +  H^0  =  2HN0^  nitrous  acid. 
N^O,  +  H^O  =  ^HNO,  nitric  acid. 


NITRIC  ACID. 

Formula,  HNO^,  Molecular  weight,  62.57.  Density, 
31.286, 

S\»  Nitric  acid  occurs  in  the  air  in  minute  quantities  in 
the  form  of  a  gas.  When  perfectly  pure,  nitric  acid  is  a 
colorless,  fuming,  corrosive,  and  strongly  acid  liquid,  which, 
however,  rapidly  becomes  yellow  under  the  influence  of  light, 
undergoing  through  this  agency  a  partial  decomposition. 
It  has  a  specific  gravity  of  1.54  or  less,  depending  on  the 
amount  of  water  present ;  when  heated  to  86°  C.  the  pure 
acid  boils,  and  if  cooled  to  —  55°  C.  freezes.  Nitric  acid  is  a 
powerful  oxidizing  agent,  acting  on  most  of  the  metals  with 
great  vigor;  it  rapidly  destroys  animal  tissues  and  stains 
the  skin,  nails,  etc.,  to  a  bright  yellow  color.  Many  non- 
nitrogenous  organic  substances,  such  as  glycerine,  cotton, 
sugar,  etc.,  are  converted  by  nitric  acid  into  violently  explo- 
sive bodies. 

The  commercial  acid — known  as  aqua  fortis — is  sold  in 
two  strengths,  ** single  aqua  fortis,"  with  a  specific  gravity 
of  1.29,  containing  46ji^  of  the  acid,  and  **  double  aqua 
fortis,"  with  a  specific  gravity  of  1.42,  containing  67^  of 
the  acid. 

The  use  of  nitric  acid  in  the  arts  is  an  extensive  and 
varied  one.  It  is  employed,  owing  to  its  corrosive  power, 
for  etching  upon  metals ;  it  is  also  used  for  oxidizing  various 
substances,  for  forming  certain  substitution  products,  such 
as  nitrobenzol  and  picric  acid,  and  in  the  preparation  of 
explosives,  such  as  gun-cotton  and  nitroglycerine. 

Aqua  Regia. — Neither  nitric  nor  hydrochloric  acid  alone 
has  the  power  of  dissolving  gold,  but  a  mixture  of  one  part 
of  nitric  acid  and  three  parts  of  hydrochloric  acid  possesses 
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this  property.  This  property  depends  on  the  production  of 
freed  or  nascent  chlorine,  which  combines  with  gold,  form- 
ing auric  chloride.     The  above  mixture  is  called  aqua  regia. 


HYPONITROUS  OXIDB. 

Formula^  Nfi,     Molecular  weighty  J^S.Ji. 

82.  This  compound,  sometimes  called  nitrous  oxide, 
is  a  colorless  gas  with  a  distinctly  sweet  taste  and  slightly 
sweet  odor.  It  has  a  specific  gravity  of  1.527;  when  sub- 
jected to  a  pressure  of  thirty-two  atmospheres  at  0°  C,  it  is 
condensed  to  a  colorless  liquid,  which  freezes  at  —  101°.  The 
liquid  also  freezes  by  its  own  evaporation  when  allowed  to 
escape  in  the  open  air,  producing  a  snow-like  mass,  which, 
mixed  with  carbon  disulphide  and  placed  in  a  vacuum, 
reduces  the  temperature  to  —  140°  C.  The  gas  is  quite 
soluble  in  water,  1  volume  of  water  at  15°  dissolving 
0.77  volume  of  the  gas.  Hyponitrous  oxide  supports  com- 
bustion almost  as  vigorously  as  oxygen,  oxides  being  formed 
and  nitrogen  liberated.     Carbon  thus  forms  carbon  dioxide. 

C     +      ^iNfi      =   CO^  +     ^N^ 

..o^K..«   .    hyponitrous       carbon  ,  „u^^^^« 
carbon -h     '"^^^^^        =  dioxide  +  ^'^^°«^^^ 

Hyponitrous  oxide,  when  inhaled,  behaves  as  an  anaes- 
thetic (i.  e.,  a  substance  which  causes  insensibility  to  pain), 
and  from  its  marked  exhilarative  action  upon  the  system 
when  inhaled  in  moderate  quantities,  has  been  termed 
laughing  gas, 

PHOSPHORUS. 

Symbol^  P.  Atomic  weighty  SO, 79  {31).  Molecular  weighty 
12S.16.     Valence,  III,  V.     Density,  61.58. 

83.  Properties. — Phosphorus  is  distinguished  from  the 
elements  so  far  described  by  being  tetratomic.  This  of 
course  does  not  indicate  that  the  volume  of  a  molecule  of 
phosphorus  is  twice  the  size  of  a  diatomic  molecule,  but 
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simply  that  with  the  same  molecular  volume  as  other  bodies 
in  the  gaseous  state,  the  phosphorus  molecule  contains  four 
atoms. 

Phosphorus  never  exists  free  in  nature,  but  is  found  in 
certain  minerals,  such  as  coprolite,  pyromorphite,  wagner- 
ite,  etc.,  which  are  calcium,  lead,  and  magnesium  phosphates, 
respectively.  It  is  found  in  and  extracted  from  the  bones 
of  animals. 

Phosphorus  is  a  pale  yellow  and  nearly  transparent  body 
of  the  consistency  of  beeswax  at  ordinary  temperatures,  and 
having  a  specific  gravity  of  1.83.  At  the  freezing-point  it 
hardens,  becomes  brittle,  and  shows,  on  being 
broken,  evidences  of  a  crystalline  structure,  the 
crystals  being  dodecahedral  (see  Fig.  5).  Phos- 
phorus melts  at  44. 3"*  C,  and  boils  at  290°  with  a 
colorless  vapor.  When  exposed  to  the  air,  phos- 
Pio.  6.  phorus  evolves  (owing  to  its  slow  combustion) 
small  quantities  of  smoke,  and  is  distinctly  luminous  in  the 
dark ;  but  a  trace  of  naphtha  or  oil  of  turpentine  in  the  air 
prevents  this  phenomenon.  Phosphorus  is  intensely  poi- 
sonous, and  kills  by  depriving  the  blood  of  its  oxygen. 
Heated  to  44°  C.  in  the  air,  phosphorus  takes  fire  and  burns 
vividly,  forming,  by  union  with  the  oxygen  of  the  air,  phos- 
phoric oxide.  Phosphorus  is  insoluble  in  water,  slightly  solu- 
ble in  alcohol,  and  readily  soluble  in  carbon  disulphide. 
Owing  to  its  affinity  to  oxygen,  and  the  consequent  readi- 
ness with  which  it  undergoes  oxidation,  phosphorus  has  to 
be  preserved  under  water,  which  liquid  does  not  decom- 
pose it. 

84.  Red  or  Amorphous  Phoapliorus. — In  addition 
to  the  above-described  yellow  variety,  phosphorus  occurs  in 
a  second  distinct  form,  known  as  red  or  amorphous  phos- 
phorus. If  ordinary  phosphorus  be  heated  to  250°  C,  it  is 
converted  into  a  chocolate-red  powder,  with  properties 
entirely  different  from  those  previously  exhibited.  Amor- 
phous phosphorus  has  a  specific  gravity  of  2.14,  is  neither 
luminous  nor  does  it  oxidize  when  exposed  to  the  air,  and 
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consequently  does  not  need  to  be  preserved  under  water. 
It  remains  in  a  solid  state  when  heated  in  the  air,  until  a 
temperature  of  260°  C.  is  reached,  at  which  point  it  changes 
over  into  the  yellow  variety,  burning  vividly. 

If  the  heating  of  a  given  weight  of  red  phosphorus  be 
conducted  in  a  retort  filled  with  carbon  dioxide,  so  as  to 
prevent  combustion,  the  same  weight  of  the  yellow  variety 
will  be  obtained— a  fact  which  proves  conclusively  that  red 
and  yellow  phosphorus,  though  widely  different  in  their 
properties,  are  only  modifications  of  one  and  the  same 
element. 

COMPOUNDS  OF  PHOSPHORUS. 

85.  Hydrogen  Phosphide  or  Phosphine.  —  For- 
mula,  H^P,     Molecular  weight,  33, 79. 

Phosphine  is  a  colorless  gas  with  a  garlic-like,  nauseous 
smell.  It  is  slightly  soluble  in  water,  condensable  to  a 
liquid,  and  is  neutral  in  its  reactions.  Its  specific  gravity 
is  1.134.  It  takes  fire  readily  at  100°  C.  and  burns  with  a 
brilliant  flame. 

86*  Oxides  and  Acids  of  Phosphorus. — The  oxides 
and  acids  of  phosphorus  form  a  parallel  series  with  those  of 
nitrogen.  The  known  members  of  the  series  are  the  fol- 
lowing: 

Phosphorous  oxide,  ^^"0^. 

Hypophosphorous  acid,  HJ^O^, 

Phosphoric  oxide,  PJO,.  \  Phosphorous  acid,  H.P'O,. 

Phosphoric  acid,  H^P^O^, 

^  Metaphosphoric  acid,     HP^O^, 


ARSENIC. 

.  Formula^  As.     Atomic  weight,  7^.-^  {76),     Valence,  III 
and  V.     Density,  H8,88.     Molecular  weight,  297,76, 

S1»  Properties. — Arsenic,  owing  to  its  metallic  luster 
and  ability  to  conduct  electricity,  is  very  often  classed  with 
the  metals;  however,  as  it  does  not  form  a  base  with  oxygen, 
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it  belongs  more  properly  among  the  metalloids.  Arsenic 
occurs  somewhat  abundantly  in  nature,  both  in  a  free  state 
and  also  combined  with  such  metals  as  iron,  copper,  nickel, 
etc.  The  most  abundant  sources  of  it  are  the  iron  arsenides, 
leuco-pyrite  and  arseno-pyrite.  The  yellow  sulphide,  called 
orpiment,  and  the  red  sulphide,  or  realgar,  also  occur  in 
nature. 

Arsenic  is  a  steel-gray,  brittle  solid,  of  specific  gravity 
from  5.6  to  5.9.  It  occurs  in  two  forms  or  modifications — 
the  steel-gray  variety  and  another  variety  which  is  black, 
amorphous,  and  vitreous,  with  a  specific  gravity  of  4.71. 
Heated  to  360°  C,  the  black  variety  changes  over  into  the 
steel-gray  one.  At  180°  C,  arsenic  becomes  volatile,  evolv- 
ing an  orange-colored  fume  having  a  garlic-like  odor. 
Arsenic  and  all  its  compounds  are  very  active  poisons. 


COMPOUNDS  OF  ARSBNIC. 

88*  Aralne  or  Hydrogen  Arsenide.  —  Formula^ 
AsH^.     Molecular  weighty  77. i^. 

Arsine  is  a  colorless  gas  with  a  sickly,  garlic-like  odor,  by 
which  it  may  be  easily  recognized.  It  liquefies  at  —55°  C. 
and  solidifies  at  —113°  C.  It  is  soluble  in  five  times  its  own 
volume  of  water.  It  is  inflammable  and  burns  with  a 
peculiar  vivid  flame,  evolving  white  fumes  of  arsenious 
oxide,  As^O^.  If  a  cooled  surface  of  porcelain  be  held  in  this 
flame,  arsenic  is  deposited  upon  it  as  a  black  stain.  Arsine 
is  easily  decomposed  when  the  tube  through  which  it  is 
passing  is  heated  to  redness,  a  black,  mirror-like  ring  of 
metallic  arsenic  being  formed  just  beyond  the  heated  spot. 

The  chief  interest  attaching  to  this  gas  depends  upon  the 
circumstance  that  its  production  allows  the  detection  of 
very  minute  traces  of  arsenic. 

89*  Marsh's  Apparatus  and  Test  Used  for  the 
Detection  of  Arsenic. — This  test  depends  upon  the  pro- 
duction of  arsine  whenever  arsenic  is  present  in  a  soluble 
form  in  any  solution  in  which  hydrogen  is  evolved.  The 
most  approved  form  of  apparatus  used  by  chemical  experts 
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in  the  United  States  is  shown  in  Fig.  6.  The  apparatus  con- 
sists of  a  three-necked  bottle,  through  the  middle  neck  of 
which  a  funnel  tube  is  inserted,  while  one  of  the  side  necks  is 
fitted  with  a  siphon-tube  for  the  withdrawal  of  the  exhausted 
acid,  and  the  other  with  a  delivery  tube  having  a  bulb 
attachment.  This  bulb  is  filled  with  cotton,  to  retain  impuri- 
ties which  may  mechanically  be  carried  away  with  the 
evolved  gas.  The  delivery  tube  leads  into  a  jar  containing 
calcium  chloride  and  potassium  hydrate  to  further  purify 
the  gas.  From  the  jar  the  gas  passes  through  a  long  tube 
of  hardened  glass,  drawn  out  at  intervals  and  ending  in  a 
drawn  point.  Small  pieces  of  pure  zinc  are  placed  in  the 
bottle,  to  which  is  added  sulphuric  acid  diluted  with  three 


parts  of  water  and  cooled,  to  produce  hydrogen.  Allowing 
sufficient  time  for  the  air  to  be  expelled,  the  glass  tube  is 
heated  to  redness.  If  within  10  to  15  minutes  no  dark 
deposits  appear  in  the  glass  tube  just  beyond  the  flame,  the 
materials  may  be  considered  pure,  and  the  arsenic  test  may 
begin.  The  solution  suspected  to  contain  arsenic  is  added 
through  the  funnel  tube,  the  evolved  hydrogen,  on  leaving 
the  tube,  is  ignited,  and  if  arsenic  be  present  and  arsine 
formed,  the  flame  will  soon  change  its  color  and  deposit  a 
brown  metallic  spot  on  a  porcelain  disk  pressed  upon  it,  or 
should  the  tube  be  heated  again,  the  arsine  will  be  decom- 
posed, leaving  a  dark,  metallic  deposit  in  the  tube. 
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By  this  test  g^jtoo  part  of  a  grain  of  arsenious  oxide  in 
one-hundred-grain  measures  of  the  solution  may  be  detected. 

90.  Arsenious  Oxide. — Formula^  ^^<Pr  Molecular 
weight,  196,52, 

This  compound  occurs  in  nature  as  the  mineral  arsenoHte. 
It  is  formed  when  arsenic  is  burned  in  the  air,  but  is 
generally  prepared  by  roasting  arsenical  pyrites,  FeSAs.  It 
exists  in  two  distinct  forms,  the  crystalline  and  the  vitreous ; 
it  occurs  in  the  first  modification  crystallized  in  octahe- 
drons, and  in  the  second  as  a  semitransparent,  glass-like 
solid ;  this  latter  form,  on  standing,  becomes  opaque,  dimin- 
ishing in  specific  gravity.  Arsenious  oxide  volatilizes  at 
218°  C,  yielding  a  vapor  whose  density  is  198  instead  of  99. 
This  would  indicate  that  the  vitreous  modification  which 
is  formed  at  high  temperatures  has  the  molecular  for- 
mula As^O^^  double  that  of  the  octahedral  modification. 
Both  varieties  are  slightly  soluble  in  water,  and  the  solution, 
which  may  be  considered  to  contain  true  arsenious  acid, 
H^AsO^^  has  a  feeble  acid  reaction. 

Arsenious  oxide  is  an  energetic  poison,  and  possesses  the 
ability  of  preventing  the  putrefaction  of  skins  and  similar 
substances,  and  is  therefore  often  employed  for  the 
preservation  of  objects  of  natural  history. 

The  most  efficient  antidote  in  all  cases  of  arsenical 
poisoning  is  freshly  prepared  ferric  or  magnesic  hydrate. 


ANTIMONY. 


Symbol,  Sb.  Atomic  weight,  119.52  {120),  Valence,  III 
and  V.     Molecular  weight,  Ji.78,08,     Density,  239, OJ^. 

91.  Antimony  occurs  in  nature  as  gray  antimony  or 
stibnite,  in  England  and  Hungary.  It  is  a  bluish-white, 
brittle  body  of  specific  gravity  6.7.  It  melts  at  450°  C,  and 
at  a  white  heat  may  be  distilled.  It  is  strongly  attacked  by 
chlorine,  forming  antimonous  chloride  (SbCl^)  and  antimonic 
chloride  {SbCl^.     The  brittleness  of  antimony  renders  it 
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useless  in  its  natural  state,  but  it  is  quite  extensively 
employed  to  harden  several  useful  alloys,  such  as  type  metal, 
Britannia  metal,  and  pewter. 


COMPOUNDS  OF  ANTIMONY. 

92.     Hydrogen  Antimonide  or  Stibine* — Formula^ 

Stibine  is  analogous  to  arsine;  it  is  similarly  composed, 
and  also  similarly  decomposed  by  heat,  but  the  deposit 
of  antimony  on  a  china  surface,  however,  is  easily  distin- 
guished from  that  of  arsenic  by  its  darker  and  smoky 
appearance  and  its  solubility  in  ammonium  sulphide. 

Other  compounds  of  less  importance  are:  antimonic 
oxide,  Sb^O^\  antimonous  oxide,  Sb^O^\  antimonous  sul- 
phide, Sb^S^\  antimonic  sulphide,  SbJS^^  and  the  above- 
mentioned  chlorides. 


BORON. 

Symbol,  B,  Atomic  weight,  10,86  {11).  Valence,  III. 
Molecular  weight,  21, 72, 

93.  Boron  is  found  in  boric  acid  and  in  borates. 
Borax,  a  salt,  obtained  from  certain  lakes  in  Thibet,  and 
containing  boron  as  an  essential  component,  has  long  been 
imported  into  Europe.  Boron  is  a  soft,  reddish-brown 
powder,  which,  when  heated  in  the  air,  burns  at  300°  C.  and 
changes  into  boric  oxide.  Boron  possesses  a  strong  affinity 
for  nitrogen,  with  which  it  combines  directly  at  red  heat, 
forming  a  nitrate. 

Boron,  at  red  heat,  decomposes  water,  and  also  behaves 
in  other  ways  as  an  energetic  reducing  agent.  It  crystal- 
lizes in  quadratic  octahedrons,  which  vary  in  color  from 
light  yellow  to  dark  red,  and  which  have  a  hardness  and 
brilliancy  next  to  those  of  the  diamond.  These  crystals 
are  infusible,  and  only  with  great  difficulty  combustible  in 
oxygen. 
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COMPOUNDS  OF  BORON. 

94.  Boric  Oxide. — Formula^  ^^P^,  Molecular  weighty 
69.36. 

Boric  oxide  is  formed  whenever  boron  is  burned  either  in 
the  air  or  in  oxygen.  Usually  it  is  obtained  by  igniting  its 
hydrate,  boric  acid.  A  viscid  mass  is  left,  which  solidifies 
to  a  colorless,  brittle,  and  transparent  glass  of  specific 
gravity  1.83. 

95.  Boric  Acid. — Formula^  H^BO^.  Molecular  weighty 
61.60. 

Boric  acid  is  found  native  in  certain  volcanic  districts, 
as  in  Tuscany;  it  issues,  together  with  steam  and  other 
gaseous  matter,  from  fissures  in  the  earth,  into  muddy  little 
ponds  or  lagoons,  the  water  of  which  soon  becomes  charged 
with  the  acid.  Evaporating  this  water,  the  crude  boric  acid 
crystallizes  out.  Boric  acid  is  slightly  soluble  in  cold,  and 
rather  more  soluble  in  warm,  water.  It  dissolves  readily  in 
alcohol,  and  the  solution  burns  with  a  greenish  flame.  Many 
of  the  metallic  oxides  are  soluble  in  fused  borax,  producing 
colored  glasses.  By  heating  boric  acid  to  120°,  it  loses  one 
molecule  of  water  and  yields  metaboric  acid,  HBO^.  Boric 
acid  has  a  strongly  developed  tendency  to  condensation, 
thus  forming  multiple  salts,  of  which  borax  or  sodium  tetra- 
borate, Na^B^O^,  is  an  example.  It  is  largely  used  as  a  flux 
in  working  metals. 

SILICON. 

Symbol^  Si.  Atoinic  weight,  28.18  {28).  Valence,  IV. 
Molecular  weight,  56.36.     Density,  28.18. 

96.  Next  to  oxygen,  silicon  is  the  most  plentiful  of  all 
the  elements ;  its  oxide,  SiO^,  occurs  in  nature  as  quartz  and 
flint.  Combined  with  other  elements,  it  is  one  of  the  princi- 
pal constituents  of  most  rock  formations,  except  those  of 
coal  and  limestone. 

Silicon  may  be  prepared  by  the  action  of  sodium  upon 
potassium  fluosilicate : 

K.SiF,  +  Na,  =  {KF\  +  (NaF),  +  Si 


§  33  ELEMENTARY  CHEMISTRY.  57 

Silicon  is  thus  obtained  as  an  amorphous,  brown,  lusterless 
powder,  which  may  be  crystallized  by  solution  in  melted 
zinc,  the  crystals  appearing  in  the  form  of  long  needles 
made  up  of  adhering  regular  octahedrons,  or  by  solution  in 
melted  aluminum,  the  crystals  in  that  case  appearing  as  flat 
octahedral  plates.  In  this  form  it  is  a  dark-gray  solid,  with 
a  metallic  luster  and  a  specific  gravity  of  2.49.  It  is  suffi- 
ciently hard  to  scratch  glass,  and  melts  at  a  temperature 
between  the  melting-point  of  iron  and  steel.  When  heated 
in  the  air,  it  takes  fire  and  burns,  producing  silicic  oxide. 


COMPOUNDS   OP  SILICON. 

97,  Hydroffen  Slllclde.— Forwiw/fl,  //,6V.  Molecular 
weight,  S2.18. 

Hydrogen  silicide  is  a  colorless  gas,  which,  when  mixed 
with  hydrogen,  is  spontaneously  inflammable  in  the  air,  yield- 
ing silicic  oxide.  It  js  not  soluble  in  water.  When  burned 
from  a  jet,  it  gives  a  strong,  white  flame,  which  deposits 
a  brown  layer  of  silicon  on  a  piece  of  porcelain  held  in  it. 

98.  Silicic  Oxide  or  SlUce. — Formula,  SiO,.  Molecu- 
lar weight,  59.94. 

It  has  already  been  mentioned  that  silica  is  widely  dis- 
tributed in  nature  as  a  rock  constituent.  Quartz  and 
amethyst  are  examples  of  the  crystalline  variety,  while 
opal,  flint,  etc.,  consist  of  silica  in  the  amorphous  form, 
mixed  with  more  or  less  of  the  crystalline  variety. 

Silica,  as  usually  obtained  in  the  laboratory,  is  a  white, 
amorphous  powder,  but  in  nature  it  mostly  occurs  in  the 
form  of  hexagonal,  transparent  prisms  capped  with 
hexagonal  pyramids  (see  Fig.  7),  of  which  the 
before-mentioned  quartz  is  a  fine  example.  The 
crystalline  variety  is  insoluble  in  water  and  acids, 
except  hydrofluoric  acid.  It  may  be  melted  to  a 
glassy  mass,  but  can  not,  even  by  the  strongest 
heat,  be  liquefied.  The  amorphous  variety,  more 
readily  than  the  crystalline,  is  dissolved  by  boiling 
it  with  a  concentrated  solution  of  caustic  soda  or      fio.  7. 
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potash.     When  fused  with  an  alkaline  carbonate,  an  alkaline 
silicate  is  formed,  thus : 

SiO^  +  ^K^CO^  =  K^SiO,  +  %C0^ 

silica  4-  P^^^^^^i^"^  —  potassium      carbon 
"^  carbonate  "~     silicate    "^  dioxide 

Potassium  silicate,  which  is  soluble  in  water,  constitutes 
the  well-known  substance  soluble  glass  or  water  glass 


CARBON. 

Symbol,  C,  Atomic  weight,  11.91  {12).  Valence,  If  (f) 
and IV.     Density,  11.91  (f).     Molecular  weight,  23.82  {?). 

99.  Occurrence. — Carbon  occurs  free  in  nature  in  two 
well-marked  crystalline  modifications,  known  as  diamond 
and  graphite.  More  or  less  impure  carbon  is  found  in  the 
various  forms  of  mineral  coal,  and,  combined  with  hydrogen, 
in  bitumen  and  petroleum;  also,  with  •oxygen  and  calcium, 
it  forms  limestone,  an  abundant  rock,  containing  about 
twelve  per  cent,  of  carbon.  In  addition  to  these,  carbon  is 
an  essential  constituent  of  all  compounds  of  organic  origin. 

Few  elements  are  capable  of  assuming  so  many  different 
aspects  as  carbon.  It  occurs  transparent  and  colorless  in 
the  diamond;  opaque,  black,  and  quasi-metallic  in  graphite; 
dull  and  porous  in  wood  charcoal;  and,  under  new  conditions, 
in  anthracite,  coke,  and  gas  carbon. 

100.  Properties. — I.  As  Diamond.  The  form  of 
carbon  known  as  diamond  is  a  transparent,  generally  color- 
less solid  of  great 
brilliancy,  having  a 
specific  gravity  of  3.5 
and     crystallizing    in 

Fig.  8.  forms  belonging  to  the 

isometric  system,  Fig.  8,  the  faces  being  often  rounded. 
Diamond  conducts  neither  heat  nor  electricity,  but  pos- 
sesses a  high  refractive  and  dispersive  power.  It  is  the 
hardest  substance  known,  scratching  or  cutting  all  other 
bodies.     The  diamond  is  usually  found  in  round  pebbles,  the 
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chief  localities  being  India,  Borneo,  Brazil,  Australia,  and 
South  Africa;  a  few  diamonds  have  also  been  found  in 
Georgia  and  North  Carolina. 

II.  As  Graphite,  The  second  form  of  carbon,  known  as 
graphite,  is  a  leaden-gray  solid  with  a  metallic  luster  and  a 
specific  gravity  of  2  to  2.20,  and  which  crystallizes 
in  hexagonal  plates.  Fig.  9.  Next  to  the  metals, 
graphite  is  one  of  the  best  conductors  of  heat  and 
electricity.  Graphite  is  soft  and  marks  paper,  and 
the  finer  qualities  of  it  are  employed  in  the  man-  fio.  9. 
ufacture  of  lead-pencils.  It  is  with  difficulty  combustible, 
but  if  burned  leaves  only  a  small  percentage  of  ash.  Graph- 
ite is  soluble  in  melted  iron,  from  which  it  crystallizes  on 
cooling.  It  occurs,  both  foliated  and  massive,  in  meta- 
morphic  rocks  in  England,  Siberia,  and  Ceylon,  and  in  vari- 
ous localities  in  the  United  States. 

III.  Amorphous  Carbon.  Amorphous  carbon  or  char- 
coal possesses  the  remarkable  property  of  absorbing  gases 
and  condensing  them  within  its  pores.  Freshly  burned  char- 
coal is  in  this  way  capable  of  absorbing  about  ninety  volumes 
of  ammonia.  Owing  to  this  peculiar  property,  charcoal  is 
of  great  value  as  an  antiseptic;  it  absorbs  various  putre- 
factive gases,  and  thus  brings  them  in  contact  with  the 
oxygen  that  is  also  condensed  within  it.  Oxidation  pro- 
ceeds, and  the  gases,  which  are  mostly  composed  of  carbon 
and  hydrogen,  are  changed  into  harmless  and  odorless  com- 
pounds of  water  and  carbon  dioxide. 

Charcoal  also  retains  the  coloring  matter  of  liquids  passed 
through  it.  Raw  sugar  is  decolorized  by  being  mixed  in 
solution  with  animal  charcoal  and  then  filtered ;  the  filtrate 
is  found  to  be  colorless. 

In  the  form  of  lampblack,  charcoal  is  used  as  the  basis  of 
printers'  ink  and  other  black  pigments.  Another  most  im- 
portant use  of  charcoal  is  in  the  manufacture  of  gunpowder. 

lOl.  Common  Chemical  Properties. — It  is  com- 
monly stated  that  all  forms  of  carbon  are  incapable  of  lique- 
faction or  volatilization  by  the  heat  at  our  command,  but  it 


60  ELEMENTARY  CHEMISTRY.  §  33 

has  recently  been  found  that  the  heat  produced  by  the  pas- 
sage of  an  intense  electric  current  between  carbon  points 
enclosed  within  an  exhausted  receiver  volatilizes  a  portion 
of  the  carbon  as  a  black  cloud,  which  deposits  itself  in  a 
crystalline  form  on  the  glass  walls  of  the  vessel. 

All  varieties  of  carbon  are  combustible;  and  the  same 
weights  of  diamond,  graphite,  and  charcoal  yield  the  same 
amount  of  carbon  dioxide  when  burned,  thus  establishing 
their  chemical  identity. 

Although  carbon  does  not  take  fire  at  anything  like  so 
low  a  temperature  as  phosphorus  and  other  substances,  it  is 
still  a  most  powerful  reducing  agent.  Its  power  as  such 
increases  with  the  temperature.  At  a  bright  red  heat  it 
decomposes  phosphorous  compounds,  with  liberation  of  free 
phosphorus.  Carbon  also  reduces,  at  high  temperature,  the 
compounds  of  sodium  and  potassium,  and  thus  enables  those 
elements  to  be  obtained  in  the  metallic  state.  In  the  pro- 
curing of  most  metals  from  their  ores,  carbon  not  only  acts 
as  a  fuel,  producing  the  necessary  amount  of  heat,  but  also 
serves  as  a  reducing  agent,  combining  with  the  oxygen  or 
other  element  with  which  the  metal  is  united  in  the  ore. 


OXIDB8  OP  CARBON. 

102.  Carbon  Dioxide. — Formula^  CO^,  Molecular 
weight,  43.67, 

Carbon  dioxide  is  a  colorless  gas  with  a  slightly  pungent 
odor  and  acid  taste.  It  is  heavier  than  air,  its  specific 
gravity  being  1.524.  Under  a  pressure  of  38.5  atmos- 
pheres at  0°  C,  or  if  cooled  to  —  78°  C,  this  gas  condenses  to 
a  colorless  and  transparent  liquid.  If  liquid  carbon  dioxide 
is  poured  out  in  a  stream  from  a  vessel,  a  part  of  the  stream 
volatilizes,  and  in  doing  so  deprives  the  remainder  of  the 
heat  necessary  to  maintain  it  in  the  liquid  state,  and  it  there- 
fore freezes,  producing  a  white,  flocculent  mass,  which 
melts  very  slowly.  At  15°  C.  and  ordinary  pressure,  water 
dissolves  its  own  volume  of  this  gas,  and  if  the  pressure  is 
increased  while  the  temperature  remains  stationary,  another 
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volume  of  the  gas  is  absorbed  for  each  atmosphere  of  pres- 
sure added.  A  lighted  taper  is  instantly  extinguished  by 
carbon  dioxide,  which  does  not  itself  take  fire.  Carbon 
dioxide  is  fatal  to  animal  life;  diluted  largely  with  air,  it 
exerts  a  narcotic  (i.  e.,  stupefying)  action.  It  is  generated 
in  all  fermentation  processes,  and  many  fatal  accidents  have 
occurred  through  men  incautiously  descending  into  fermen- 
tation vats  and  other  places  in  which  the  gas  has  accumu- 
lated. Before  entering  such  a  place,  a  lighted  candle  should 
be  lowered  into  it,  and  if  it  is  extinguished  the  place  should 
be  considered  unsafe. 

103*  Carbonic  Acid. — Formula^  H^CO^.  Molecular 
weight,  61,55, 

Carbonic  acid  is  produced  by  the  solution  of  carbon  dioxide 
in  water.  It  is  an  unstable  compound,  which  on  the  slightest 
increase  of  temperature  decomposes  into  water  and  carbon 
dioxide.  It  is  largely  used  for  the  preparation  of  soda-water 
and  other  aerated  beverages. 

Being  a  dibasic  acid  (that  is,  an  acid  which  contains  two 
atoms  of  hydrogen),  it  forms  a  double  series  of  salts,  one  of 
which  is  normal,  the  other  acid.  Thus  we  have  sodium 
carbonate,  NajCO^y  and  sodium  bicarbonate,  NaHCO^. 

104.  Carbon  Monoxide  or  Carbonyl. — Formula, 
CO,     Molecular  weight,  27. 79. 

Every  one  is  familiar  with  a  perfectly  clear  and  smokeless 
burning  coal  fire;  the  whole  mass  is  glowing  with  a  bright 
red  heat,  and  over  the  top  are  hovering  lambent  blue  flames. 
The  origin  of  these  may  be  traced  in  the  following  way:  in 
the  lower  parts  of  the  grate  where  the  air  enters  the  fire, 
carbon  dioxide  is  formed  according  to  the  equation 

C+0,=  CC\ 

The  dioxide  then  passes  upwards  through  the  red-hot  carbon, 
and  becomes  changed  by  being  reduced  to  carbon  monoxide, 
thus: 

CO^+C=^'^CO 

Carbon  monoxide  is  a  colorless   gas    of  specific  gravity 
N.  M.    J  I. —IT 
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0. 969.  It  has  a  peculiar  suffocating  odor  and  is  extremely 
poisonous,  producing  a  painful  headache,  even  when  only 
small  quantities  are  present  in  the  air.  It  is  slightly  soluble 
in  water,  and  condenses  only  under  great  pressure  and  cold. 
Carbon  monoxide,  though  inflammable,  is  not  a  supporter 
of  combustion.  When  a  certain  volume  of  carbon  monoxide 
is  burned,  the  same  volume  of  carbon  dioxide  will  be  pro- 
duced, an  amount  of  oxygen  equal  to  half  of  this  same 
volume  being  required,  thus: 

Carbon  monoxide  unites  directly  with  chlorine  in  sunlight, 
forming  carbonyl  chloride.  Carbon  monoxide  acts  as  a 
powerful  reducing  agent,  and  is  frequently  used  in  metal- 
lurgical operations  for  the  production  of  metals  from  their 
oxides. 


CARBON  AND  HTDROGKN. 

105.  The  compounds  of  carbon  with  hydrogen  are 
termed  hydrocarbons,  and  as  these  compounds  are  exceed- 
ingly numerous,  they  are  usually  classed  in  series.  Most  of 
them,  being  of  a  distinctly  organic  origin,  are  more  satis- 
factorily considered  in  Organic  Chemistry,  and  only  the 
three  following  simple  and  important  hydrocarbons  will  here 
receive  attention,  viz. : 

Hydrogen  carbide,         CH^, 
Hydrogen  dicarbide,      C^H^. 
Dihydrogen  dicarbide,  C^H^, 

106«     Hydroffen  Carbide,  Marsti  Gas  or  Mettiane. 

— Formula^  CH^.     Molecular  weighty  15,91. 

Marsh  gas  occurs  in  nature,  being  produced  by  the  decom- 
position of  dead  vegetable  matter  confined  under  water.  It 
constitutes  75^  of  the  gas  which  bubbles  up  when  the  bottom 
of  a  pool  covered  with  vegetable  growth  is  stirred  up.  During 
the  changes  which  have  occurred  as  coal  has  been  formed 
from  vegetable  growths,  marsh  gas  has  been  evolved  and 
has  remained  imprisoned  within  cavities  of  the  coal  itselt 
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As  the  coal  is  removed,  the  gas  escapes  from  these  cavities 
into  the  mine,  and  mixing  with  the  air  forms  an  explosive 
mixture,  known  to  the  miners  as  firedamp. 

Marsh  gas  is  a  colorless,  odorless,  and  tasteless  gas  of 
specific  gravity  0.5576.  It  is  only  slightly  soluble  in  water, 
and  is  a  non-supporter  of  combustion.  Until  quite  recently, 
marsh  gas  was  considered  a  permanent  gas,  but  has  lately 
been  liquefied.  Mixed  with  either  air  or  oxygen,  it  explodes 
violently  on  ignition. 

107«  Hydrogen  Dlcarblde  or  Ettiylene. — Formula^ 
C^H^,     Molecular  weight,  27.82. 

Ethylene  is  one  of  the  most  important  constituents  of 
coal-gas,  being  formed  by  the  destructive  distillation  of 
coal.  It  is  a  colorless,  irrespirable  gas  of  specific  gravity 
0.978.  At  a  temperature  of  —110°  C.  it  is  condensed  to  a 
limpid  liquid.  When  mixed  with  oxygen  or  air,  the  gas 
becomes  violently  explosive.  Ethylene  combines  directly 
with  chlorine,  forming  an  oily  liquid,  C^HjOl^^  known  as 
ethylene  dichloride. 

108*  Dltiydrosen  Dlcarblde  or  Acetylene. — For- 
mula^ C^H^.     Molecular  weight,  25.82. 

Acetylene  is  a  product  of  the  action  of  heat  upon  sub- 
stances rich  in  carbon  and  hydrogen,  and  is  always  formed 
by  the  imperfect  combustion  of  hydrocarbons. 

Acetylene  is  a  colorless  gas  with  a  peculiar,  disagreeable 
odor  and  a  specific  gravity  of  0.92.  It  is  soluble  in  water 
and  burns  with  a  bright  and  luminous  flame,  but  is  not  a 
supporter  of  combustion. 


THE    METALS. 

109.  Chemically,  the  metals  are  analogous  to  the  metal- 
loids; physically,  they  are  distinguished  by  being  opaque, 
by  possessing  a  certain  luster,  termed  metallic  luster,  and 
by  being  good  conductors  of  electricity  and  heat.  All  metals, 
with  the  single  exception  of  mercury,  are  solids. 
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llO*  Alloys. — The  combinations  of  the  metals  with 
each  other  are  called  alloys  ;  amalgams  are  the  alloys  formed 
by  mercury  with  other  metals.  Since  these  alloys  can  be 
produced  irrespective  of  the  laws  of  valence  and  chemical 
combination,  they  are  not,  in  the  true  sense  of  the  word, 
chemical  compounds,  but  merely  mixtures.  Although  these 
combinations  are  not  as  stable  as  those  formed  by  the  union 
of  a  metal  and  a  metalloid,  yet  they  are  very  valuable  in  the 
arts,  as  they  possess  many  valuable  properties  which  are 
not  exhibited  by  the  metals  separately.  Gold  and  silver, 
for  instance,  are  in  their  pure  state  too  soft  to  be  used  as  a 
medium  of  currency,  but  the  addition  of  a  small  amount  of 
copper  gives  an  alloy  of  the  requisite  hardness.  Copper 
when  mixed  with  tin,  zinc,  antimony,  etc.,  forms  alloys 
called  brass^  bronze^  and  gun-metal ;  these  are  very  largely 
used  for  machinery  and  engine  details  (bearings,  boiler 
mountings,  etc.),  where  the  copper  itself  would  be  unsuit- 
able, owing  to  its  softness. 

111.     Compounds  of  the  Metals  and  Metalloids. — 

The  compounds  of  metals  and  metalloids  may  be  classed  in 
the  following  groups : 

(1)  Metallic  Oxides, — Oxygen  acts  differently  on  the  dif- 
ferent metals.  While  some  metals,  such  as  zinc,  magnesium, 
and  cadmium,  readily  take  fire  when  heated,  and  burn  with 
the  evolution  of  light  and  heat,  other  metals,  such  as  gold 
and  silver,  do  not  combine  with  oxygen.  The  metallic 
oxides  differ  widely  in  composition  and  character,  but  they 
may  all  be  represented  as  water  in  which  the  hydrogen  has 
been  replaced  by  a  metal.  The  monoxides,  for  instance, 
may  be  regarded  as  one  molecule  of  water,  in  which  one  of 
two  things  has  occurred :  {a)  each  of  the  hydrogen  atoms 
has  been  replaced  by  a  monad,  or  {b)  both  hydrogen  atoms 
together  have  been  replaced  by  a  dyad;  for  example,  K^O^ 
Ba'Oy  Zn''0,  etc.  The  higher  oxides  may  be  regarded  as 
two  or  more  molecules  of  water,  in  which  the  hydrogen  is 
replaced  by  its  equivalent  of  some  metal. 

(2)  Metallic  Sulphides. — The  metals  combine  directly  with 
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sulphur  to  form  sulphides,  which  occur  frequently  in  nature. 
Their  composition  resembles  that  of  the  corresponding 
oxides,  and  may  be  represented  as  hydrogen  sulphide 
(7/,5),  in  which  an  equivalent  metal  has  been  substituted 
for  the  hydrogen. 

(3)  Metallic  Chlorides. — Metals  unite  directly  with  chlo- 
rine,forming  an  important  class  of  compounds  which  may  be 
considered  as  one  or  more  molecules  of  hydrochloric  acid 
{HCl),  in  which  the  hydrogen  is  replaced  by  its  equivalent 
of  metal.  KCl^  for  instance,  is  the  chloride  of  a  monad, 
and  BaCl^  the  chloride  of  a  dyad.  The  latter  may  be  con- 
sidered as  two  molecules  of  HCly  in  which  both  hydrogen 
atoms  have  been  replaced  by  the  dyad  barium. 

(4)  Metals  unite  with  bromine^  iodine^  and  fluorine,  and 
form  iodides,  bromides,  and  fluorides,  which  bear  strong 
resemblance  to  the  corresponding  chlorides. 

(5)  Metals  also  unite  with  phosphorus^  nitrogen,  boron, 
silicon,  carbon,  and  hydrogen,hyit  the  compounds  thus  formed 
are  of  minor  importance. 

(6)  Metallic  Salts. — The  replacing  of  hydrogen  in  the 
acids  by  its  equivalent  of  metals  gives  rise  to  an  important 
formation  of  metallic  salts.  For  instance,  by  replacing  one 
atom  of  hydrogen  in  sulphuric  acid  by  potassium,  hydrogen 
potassium  sulphate  {KHSO^,  or  by  replacing  both  hydro- 
gen atoms,  potassium  sulphate  {KJSO^,  is  obtained,  and 
so  on. 


POTASSIUM. 

Symbol,  K.  Atomic  weight,  38.82  {39).  Valence,  L  Spe- 
cific gravity,  0.865. 

112.  Occurrence-  —  Potassium  occurs  somewhat 
abundantly  in  nature,  but  always  in  combination  with  other 
elements.  In  the  mineral  kingdom  it  is  found  as  nitrate  or 
niter,  as  chloride  or  sylvite,  as  potassio-magnesium  chloride 
or  carnallite,  and  as  sulphate  or  aphthitalite.  It  exists  in 
the  waters  of  the  ocean   and  of   mineral   springs.      It  is 
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largely  contained  in  land  plants,  and  is  essential  to  animal 
life. 

113.  Properties. — Potassium  is  a  soft,  bluish-white 
metal,  which  becomes  brittle  at  0°  C,  and  melts  at  62.5**  C. 
to  a  liquid  resembling  mercury.  It  tarnishes  instantly  in 
the  air,  and  must  therefore  be  preserved  under  naphtha.  If 
thrown  on  water,  it  at  once  decomposes  it,  evolving  so 
much  heat  that  the  hydrogen  set  free  takes  fire  and  burns 
with  a  characteristic  violet  flame. 


COMPOUNDS  OF  POTASSIUM. 

114.  Potassium  chloride,  A'C/,  constitutes  the  min- 
eral sylvite.  It  is  a  transparent  solid,  with  a  specific  gravity 
of  1.9.  It  crystallizes  in  cubes,  and  has  a  salt-like  taste. 
KI  and  KBr^  potassium  iodide  and  potassium  bro- 
mide, are  obtained  in  cubical  crystals,  which  are  deliques- 
cent in  moist  air.  Both  are  readily  soluble  in  water  and 
alcohol. 

Other  salts  of  potassium  are :  potassium  chlorate,  KCIO^ ; 
potassium  sulphate,  K^SO^\  potassium  nitrate,  KNO^^  and 
potassium  carbonate,  KJOO^. 

Potassium  oxide,  Kfi^  is  a  white,  deliquescent,  and 
caustic  substance,  which  unites  with  water  with  great  vio- 
lence to  form  potassium  tiydrate,  KOH^  or,  as  it  is  more 
generally  called,  caustic  potash.  Potassium  hydrate  is  a 
white,  opaque,  and  brittle  mass,  of  specific  gravity  of  2.1, 
and  freely  soluble  in  alcohol  and  water,  the  solution  being  a 
powerful  alkali. 

SODIUM. 

Symbol,  Na.  Atomic  weight,  22,88  {23),  Valence,  L  Spe- 
cific gravity,  0,98. 

115.  Occurrence. — Sodium  is  one  of  the  most  abun- 
dant elements.  Its  chloride,  common  salt,  known  also  as  the 
mineral  halite,  is  found  not  only  in  immense  deposits  of 
rock  salt,  but  also  in  enormous  quantities  in  sea-water  and 
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the  waters  of  mineral  springs.  Sodium  also  occurs  in 
nature  in  the  three  following  forms:  nitrate  or  soda  niter, 
borate  or  borax,  and  silicate,  this  last  one  being  found  in 
albite,  sodalite,  etc.  It  is  extracted  from  marine  plants  and 
is  essential  to  animal  life. 

11 6.  Properties. — Sodium  is  a  lustrous,  silver- white, 
soft  metal,  becoming  brittle  at  —  20°  C,  and  fusing  at  97°  C. 
Like  potassium,  it  tarnishes  when  exposed  to  the  air,  and  if 
thrown  on  water  decomposes  it  with  effervescence ;  if  it  is 
prevented  from  moving  on  the  water,  or  if  the  water  is 
warm,  it  ignites  and  burns  with  a  yellow  flame.  It  is  used 
in  metallurgy  as  a  reducing  agent. 


COMPOUNDS  OF  SODIUM. 

117.  Sodium  Oxide,  Nafi,  and  Sodium  Hydrate, 

NaOH, — Sodium  oxide  is  obtained  by  the  combustion  of 
sodium  in  the  air.  It  readily  combines  with  water  to  form 
the  hydrate  (thus,  Na^O  +  H^O  =  %NaHO).  Sodium 
tiydrate,  or,  as  it  is  generally  known,  caustic  soda,  is 
commercially  prepared  by  the  action  of  calcium  hydrate — 
milk  of  lime — upon  sodium  carbonate.  It  is  a  white, 
opaque,  and  brittle  solid,  which  absorbs  the  carbon  dioxide 
from  the  air. 

118.  Sodium  Sulpliate,  iV^,5(9^  (Glauber's  Salt).— 
Sodium  sulphate  is  obtained  as  a  residue  of  many  chemical 
processes,  as  in  the  manufacture  of  nitric  and  hydrochloric 
acids.  The  acid  salt,  hydro-sodium  sulphate  {HNaSO^),  is 
obtained  by  adding  sulphuric  acid  to  the  normal  sulphate. 

119.  Sodium  Ctiloride,  NaCl, — This  compound  is 
common  salt;  it  is  obtained  from  mines,  in  which  form  it  is 
known  as  rock  salt,  or  else  by  evaporating  sea-water,  produ- 
cing boiled  salt  if  artificial  heat  is  used.  It  is  a  colorless, 
transparent  solid,  of  specific  gravity  2.15,  and  constitutes 
about  2.75  per  cent,  of  sea-water. 

120.  Sodium  Carbonate,  NajCO^, — This  important 
salt,    known   all   the   world  over   as   soda   or    soda-ash,    is 
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manufactured  on  an  immense  scale,  and  finds  an  extensive 
use  in  the  manufacture  of  soap,  glass,  etc.  It  is  prepared  in 
crystals,  which  readily  dissolve  in  water.  It  has  a  strong 
alkaline  reaction.  The  acid  salt,  hydro-sodium  carbonate, 
or  sodium  bicarbonate,  HNaCO^^  is  prepared  by  exposing  the 
crystals  of  the  normal  salt  to  carbon  dioxide  gas. 


CAXCIUM. 

Symbol^  Ca,  Atomic  weighty  39.76  (40).  Valence^  IL 
Specific  gravity^  1.57. 

121.  Occurrence  and  Properties. — Lime,  which  is 
universally  known,  is  the  oxide  of  calcium.  This  metal  is  a 
very  abundant  element,  the  various  rock  formations  known 
as  chalk,  limestone,  and  marble  being  calcium  carbonate ;  as 
a  sulphate  it  forms  vast  deposits  of  gypsum,  and  as  a  silicate 
it  occurs  in  numerous  other  minerals.  It  forms  an  impor- 
tant constituent  of  the  animal  skeleton,  and  is  essential  to 
vegetable  life.  Calcium  in  the  pure  state  is  a  light  yellow 
metal,  malleable  and  ductile.  It  oxidizes  slowly  in  the  air 
at  ordinary  temperatures,  but  when  heated  to  redness  it 
burns  with  a  brilliant  white  light,  being  converted  into 
lime.     It  decomposes  water  at  ordinary  temperatures. 


COMPOUNDS  OF  CALCIUM. 

1 22.  The  most  important  compound  of  calcium  is  cal- 
cium oxide ^  CaO,  or,  as  it  is  generally  called,  lime.  This  is 
a  white,  hard,  infusible  substance,  of  specific  gravity  2.3 
to  3.  When  moistened  with  water,  it  unites  directly  with 
it,  evolving  considerable  heat.  This  process  is  popularly 
known  as  slacking.  Calcium  hydrate,  Ca{OH)^y  is  a  soft, 
bulky,  white  powder,  soluble  in  530  times  its  weight  of  cold 
water,  forming  an  alkaline  liquid,  known  as  lime-water, 
which  yields  on  evaporation  hexagonal  prisms  of  the 
hydrate.  Calcium  sulphate,  CaSO^,  occurs  in  nature  as 
anhydrite.  It  is  found  as  gypsum,  which  contains  2  mole- 
cules of  water  of  crystallization.     If  gypsum  is  heated  to 
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110°  C,  it  gives  up  part  of  its  water,  producing  the  well- 
known  substance  ** plaster  of  Paris."  Calcium  carbonate^ 
CaCO^^  is  an  abundant  mineral,  which  occurs,  more  or  less 
pure,  as  chalk,  marble,  and  limestone,  and  is  quite  soluble 
in  water  containing  carbonic  acid.  Calcium  phosphate^ 
Ca^{PO^^,  occurs  as  fluophosphate  in  the  mineral  apatite, 
and  forms  the  chief  constituent  of  the  bones  of  animals. 


MAGNESIUM. 

Symbol,  Mg.  Atomic  tvcight,  2j^.l0  {24).  Valence,  IF, 
Specific  gravity,  1.75, 

123*  Occurrence. — Magnesium  occurs  abundantly  in 
nature.  Among  the  minerals  containing  this  metal  are 
certain  well-known  combinations  of  it  with  silica,  such  as 
talc,  asbestos,  French  chalk  or  steatite,  and  meerschaum; 
magnesite  is  a  carbonate  of  magnesium.  Nearly  all  min- 
erals containing  magnesium  are  distinguished  by  a  peculiar 
soapy  feel.  Most  of  the  magnesium  compounds  used  in 
pharmacy  are  derived  either  from  the  mineral  dolomite  or 
from  magnesium  sulphate,  the  latter  being  extracted  from 
sea-water  and  the  waters  of  certain  mineral  springs.  On  a 
large  scale,  magnesium  is  obtained  by  heating  to  redness  in 
a  covered  crucible  a  mixture  of  magnesium  chloride,  sodium 
chloride,  calcium  fluoride,  and  sodium.  The  globules  of 
magnesium  thus  obtained  are  purified  by  distillation  in  an 
atmosphere  of  hydrogen. 

1 24.  Properties. — Magnesium  is  a  silver-white  metal ; 
it  is  somewhat  malleable  and  ductile,  but  not  very  tenacious. 
It  melts  at  a  red  heat  and  may  be  obtained  crystallized  in 
regular  octahedrons;  at  a  higher  temperature  it  becomes 
volatile.  It  is  permanent  in  dry  air,  though  it  oxidizes 
readily  in  moist  air.  Heated  to  redness,  it  ignites  and  burns 
with  a  dazzling  white  light,  a  wire  of  0.33  millimeter  in 
diameter  giving  out  a  light  of  about  74  candle-power.  Acid 
attacks,  magnesium  with  ease,  and  it  also  unites  directly 
with  most  of  the  metalloids.  It  has  been  used  for  the  last 
few  years  as  a  source  of  light  in  photography. 
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COMPOUNDS  OF  MAGNESIUM. 

125*  Magnesia  or  magnesium  oxide  {MgO)  occurs  in 
nature  as  periclasite.  It  is  the  sole  product  of  the  combus- 
tion of  magnesium  in  the  air,  and  is  left  whenever  its  car- 
bonate, hydrate,  or  nitrate  is  ignited.  It  is  an  infusible, 
white  powder  which  gradually  unites  with  water  to  form 
Mg{OH)^^  magnesium  hydrate,  which  occurs  in  nature  as 
brucite.  Magnesium  sulphate,  MgSO ^^  may  be  prepared  by 
dissolving  the  oxide,  hydrate,  or  carbonate  in  sulphuric  acid. 
It  is  obtained  commercially,  either  from  sea-water,  from 
dolomite — a  calcio-magnesio  carbonate — or  from  serpentine, 
which  is  magnesium  silicate.  It  occurs  in  nature  as  kieser- 
ite,  and  is  also  found  in  the  waters  of  saline  springs,  such 
as  those  of  Epsom  in  England,  wherefrom  the  name  Epsom 
salts  is  applied  to  this  substance.  Magnesium  carbonate 
{MgCO^  is  found  in  nature  as  the  mineral  magnesite.  Mag- 
nesia  alba,  the  common  commercial  form  of  this  substance, 
is  obtained  by  precipitating  the  sulphate  with  sodium  car- 
bonate. It  is  a  light,  white  powder,  soluble  in  acids,  and 
having  the  composition  ^MgCO^,  Mg{OH)^,  Uifi.  It 
occurs  in  nature  as  hydromagnesite. 


ALUMINUM. 

Symbol,  Al  Atomic  weight,  26.91  {27).  Valence,  III  {?). 
Specific  gravity,  2  56, 

126.  Occurrence. — Aluminum,  next  to  oxygen  and 
silicon,  is  the  most  abundant  element  in  nature.  The 
mineral  corundum  is  aluminum  oxide ;  diaspore,  chrysoberyl, 
and  spinel  are  aluminates;  micas,  feldspars,  and  clays  are 
aluminum  silicates;  and  many  other  minerals  contain  it  as 
an  essential  constituent. 

It  is  prepared  at  the  works  of  Morin,  in  Paris,  by  mixing 
10  parts  of  sodio-aluminum  chloride,  five  parts  of  fluorspar 
or  cryolite,  and  two  parts  of  sodium,  and  melting  them  on 
the  hearth  of  a  reverberatory  furnace.  The  liquefied  mass 
of  slag  and  metal  collects  at  the  back  of  the  furnace,  the 
metal  being  then  drawn  off  and  cast  into  ingots.     Lately 
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another  process  has  been  invented  by  which  aluminum  is 
extracted  by  electricity 

127.  Properties. — This  metal,  which  a  few  years 
ago  was  considered  a  chemical  curiosity,  is  now  cheaply 
prepared  by  the  electrolysis  of  fused  aluminum  fluoride. 
Aluminum  is  a  bluish-white  metal,  capable  of  taking  a  high 
polish.  It  crystallizes  in  octahedrons  and  conducts  heat  and 
electricity  readily.  It  is  remarkable  as  being  the  lightest  of 
the  common  metals,  and  also  as  being  capable  of  resisting  the 
influence  of  air,  even  in  the  presence  of  moisture.  Its 
lightness  renders  it  extremely  useful  in  the  manufacture 
of  astronomical  instruments,  etc.  Aluminum  is  neither 
attacked  by  sulphuric  nor  nitric  acid  to  any  considerable 
extent,  nor  by  mercury,  but  is  readily  attacked  by  hydro- 
chloric acid.  When  alloyed  with  90  per  cent,  of  copper,  it 
forms  aluminum  bronze,  well  known  for  its  hardness  and 
its  ability  to  take  a  fine  polish. 


COMPOUNDS   OP  ALUMINUM. 

1 28.  The  mineral  corundum,  which  includes  the  precious 
stones  ruby,  sapphire,  and  topaz,  contains  alumina  or  alumu 
num  oxide ^  ^K^%'  ^^  ^^  found  in  nature  crystallized  in 
rhombohedral  forms,  Fig.  10,  having  specific 
gravity  of  3.9,  and  is  scarcely  inferior  in  hard- 
ness to  the  diamond.  Aluminum  hydrate^ 
Al{OH)^  or  AlJl^OH)^y  occurs  in  nature  as 
gibbsite;  it  is  obtained  by  precipitating  any 
aluminum  salt  by  ammonium  hydrate.  Alumi-  fig,  lo. 
num  hydrate  and  sulphuric  acid  yield  aluminum  sulphate^ 
AIJ^SO^^,  It  forms  a  characteristic  class  of  double  sul- 
phates called  alums,  the  general  formula  of  which  is 
X^Al^{SO,),,  "l^H^O,  X  being  generally  K  or  NH^,  They 
crystallize  in  regular  octahedrons,  and  are  acid  in  their 
reactions.  A  very  important  class  of  minerals  is  formed  by 
the  silicates  of  aluminum,  of  which  clay,  Al^Si^O^,  is  the 
best  known.  It  is  widely  used  in  pottery.  The  finer  kinds 
of  clay  are  sold  under  the  name  of  caolin  or  china  clay. 
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IRON. 

Symbol,  Fe.  Atomic  weight,  55.60  {56),  Valence,  II,  III{?), 
IV,  and  VI.     Speci^c  gravity,  7,8. 

1 29.  Occurrence. — Iron  is  one  of  the  most  important, 
as  it  IS  one  of  the  most  abundant,  of  metals.  It  is  found  in 
nearly  all  forms  of  rock,  clay,  sand,  and  earth,  its  presence 
in  these  being  indicated  by  their  color,  iron  being  the  most 
common  of  natural  mineral  coloring  ingredients.  In  very 
minute  quantities,  it  is  found  in  plants,  and  in  somewhat 
larger  ones  in  the  animal  body,  where  it  is  intimately  asso- 
ciated with  the  coloring  matter  of  the  blood.  It  is  doubtful 
whether  it  occurs  native,  the  native  iron  found  on  the  earth's 
surface  generally  containing  cobalt,  nickel,  etc.,  and  being 
of  meteoric  origin.  Iron  ores,  however,  are  very  abundant; 
among  them  the  following  may  be  mentioned:  ferroso-ferric 
oxide  or  magnetite,  Fe^O^\  ferric  oxide  or  hematite,  Fefi^\ 
hydrated  ferric  oxide  or  limonite,  %Fefi^,  ZHfi\  and  ferrous 
carbonate  or  siderite,  FcCO^. 

1 30.  Properties. — Iron  is  prepared  in  three  different 
forms:  (1)  wrought  iron,  (2)  cast  iron,  (3)  steel.  The  first 
is  nearly  pure  iron,  the  second  is  a  compound  of  iron  with 
varying  quantities  of  carbon  and  silicon,  and  the  third  a 
compound  of  iron  obtained  from  cast  iron  by  removing 
silicon  and  part  of  the  carbon. 

Wrought  iron  has  a  white,  brilliant  color;  when  melted 
in  its  pure  state  and  then  cooled,  it  crystallizes  in  cubes,  but 
when  forged  or  rolled  out,  its  fracture  becomes  fibrous 
(depending,  however,  on  the  way  it  is  broken),  and  the  iron 
in  this  state  is  remarkably  tough,  although  comparatively 
soft.  It  melts  at  about  2,000°  C,  but  before  reaching  this 
point  it  becomes  a  soft,  wax-like  mass,  and  is  then  capable  of 
being  welded.  Cast  iron  melts  at  about  1,550°  C.  Iron  and 
certain  of  its  compounds  are  strongly  magnetic,  but  the 
metal  loses  this  power  when  heated,  regaining  it,  however, 
after  being  cooled.  A  solid  mass  of  iron  does  not  oxidize  or 
tarnish  in  dry  air,  but  if  heated  oxidizes  readily,  with 
the  production  of  black  scales  of   oxide,  and  when  more 
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strongly  heated  or  plunged  into  oxygen,  burns,  with  the 
formation  of  the  same  black  oxide  scales.  In  pure  water 
containing  no  free  air,  iron  does  not  lose  its  brilliancy,  but 
if  a  trace  of  carbonic  acid  is  present  and  access  of  air  is  per- 
mitted, the  iron  begins  at  once  to  oxidize  or  rust  on  its  sur- 
face, forming  a  hydrated  sesquioxide.  Iron  decomposes 
steam  at  red  heat,  liberating  hydrogen,  and  forming  the 
same  black  oxide  produced  by  its  combustion  in  oxygen. 


COMPOUBIDS  OF  IRON. 

131.  Ferric  oxide ^  Fe^'^  O^,  occurs  abundantly  in  nature 
in  two  forms:  one,  crystallized  in  rhombohedrons  and  of  a 
mirror-like  appearance,  is  called  specular  iron ;  the  other  is 
fibrous  in  structure,  sometimes  amorphous,  and  of  a  blood- 
red  color,  which  latter  property  has  caused  it  to  be  called 
hematite.  The  latter  variety  is  used  for  polishing  metals 
and  glass,  under  the  name  of  rouge  or  colcothar.  Ferric 
hydrates  exist  in  nature;  orthoferric  hydrate,  H^Fefi^,  in 
the  mineral  limnite;  monometaferric  hydrate,  HJ^efi^^ 
in  xanthosiderite,  and  dimetaferric  hydrate,  HJ^efi^^  in 
gOthite,  etc.  Moist  ferric  hydrate  forms  the  best  antidote  in 
cases  of  arsenical  poisoning.  Ferroso-ferric  oxide ^  Fe'Fe^ ^''  O^^ 
occurs  in  nature  as  the  mineral  magnetite ;  this  oxide  is  a 
hard,  black,  metallic-like  solid,  of  specific  gravity  5,  and  is 
highly  magnetic.  It  is  one  of  the  richest  iron  ores, 
containing  72  per  cent,  of  this  metal.  Ferrous  oxide ^  Fe'O, 
forms  a  numerous  and  important  class  of  salts.  United  to 
sulphuric  oxide,  it  forms  ferrous  sulphate^  FeSO^,  known  in 
commerce  as  green  vitriol  or  copperas,  which  is  obtained  in 
pale  green  prisms.  They  are  soluble  in  water,  but  insoluble 
in  alcohol. 

NICKEL. 

Symbol^  Ni,  Atomic  weighty  58.24.  (^^)-  Valence,  Hand 
IV,     Specific  gravity,  8.8. 

132*  Occurrence  and  Properties. — Nickel  occurs 
free  in  nature  only  in  meteoric  iron ;  in  combination  it  exists 
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as  niccolite  (kui)fernickel),  NiAs\   gersdorffite,  {^NiS)^As^\ 
ullmannite,  Ni^S^i^AsSb\\  annabergite,  NiJ^AsO^^^  etc. 

Nickel  is  a  pure  silver-white,  ductile,  and  malleable  metal. 
It  is  infusible  and  possesses  great  tenacity.  It  is  magnetic, 
but  loses  this  property  when  heated  to  250°  C.  It  tarnishes 
in  moist  air,  oxidizes  readily  at  red  heat,  and  is  dissolved, 
somewhat  slowly,  by  acids.  It  is  largely  used  for  coinage 
and  for  making  German  silver,  which  is  an  alloy  of  nickel, 
copper,  and  zinc. 


COBALT. 

Symbol^  Co,  Atomic  weighty  58,55  (59).  Valence^  II y  IV. 
Specific  gravity^  8.8. 

133.  Occurrence  and  Properties. — Cobalt  is  prin- 
cipally found  in  the  minerals  smaltite  or  speiskobalt,  cobalt- 
glance,  cobalt-bloom,  and  asbolite. 

Cobalt  is  a  steel-gray,  hard  metal,  which  is  malleable  at  a 
red  heat.  It  unites  with  carbon  and  becomes  fusible  in  a 
furnace  heat.  It  is  magnetic  like  nickel,  but  retains  its  mag- 
netism permanently.  If  exposed  to  moist  air  it  tarnishes, 
and  oxidizes  readily  at  red  heat.  Sulphuric  and  hydro- 
chloric acids  dissolve  it  slowly,  while  nitric  acid  acts  upon 
it  readily. 


COMPOUNDS  OF  COBALT. 

134.  Of  these,  cobaltous  chloride^  CoCl^^  a  blue  solid, 
which  forms  a  pink  hydrate,  cobaltous  nitrate^  CoiJSfO^^^  a. 
rose-colored  salt,  used  as  a  blowpipe  reagent,  and  cobaltous 
sulphate^  CoSO^,  a  light  red-colored  salt,  may  here  be  men- 
tioned. Smalt  is  an  impure  cobaltous  silicate,  produced  by 
fusing  roasted  cobalt  ore  with  potassium  carbonate  and  pul- 
verized quartz.  A  deep  blue  glass  is  obtained,  which  is 
poured  into  water,  and  thus  finely  divided,  in  which  state  it 
is  sent  into  commerce  as  a  pigment. 
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MANGANESE. 

Symbol,  Mn,  Atomic  weight ,  5^,57  {55).  Valence,  II,  IV, 
and  VI.     Specific  gravity,  8. 

135*  Occurrence  and  Properties.  —  Manganese 
occurs  in  nature  principally  combined  with  oxygen.  The 
mineral  pyrolusite  is  manganese  dioxide,  hausmannite  is 
manganoso-manganic  oxide,  and  manganite  is  a  hydrated 
sesquioxide. 

Manganese  is  a  grayish-white  metal,  hard,  brittle,  feebly 
magnetic,  and  has  a  specific  gravity  of  8.  It  oxidizes  readily 
in  the  air,  and  is  easily  dissolved  by  acids. 


COMPOUNDS   OF  MANGANBSB. 

1 36.  The  best  known  compounds  are  permanganic  acid, 
H^Mnfi^,  and  its  ssih,  potassium  permanganate,  K^Mnfi^; 
they  are  very  extensively  used  as  disinfectants  and  anti- 
septics. Other  compounds  are:  manganic  oxide,  Mnfi^\ 
manganic  hydrate,  H^Mnfi^\  manganese  dioxide,  MnO^,  and 
manganous  oxide,  MnO. 

ZINC. 

Symbol,  Zn,  Atomic  weight,  64.91  (65).  Valence,  IT, 
Density,  64.91.     Specific  gravity,  7. 

137*  Occurrence  and  Properties. — Zinc  is  an  abun- 
dant and  useful  metal.  The  chief  ores  of  zinc  are  the 
sulphide  or  blende,  the  carbonate  or  smithsonite,  and  the 
oxide  or  red  zinc  ore. 

Zinc  is  a  bluish-white  metal  of  crystalline  structure.  It  is 
hard  and  brittle  at  ordinary  temperatures,  but  between 
100°  C.  and  150°  C.  it  becomes  malleable  and  ductile,  and  may 
be  rolled  into  thin  sheets.  When  heated  to  200°  C.  it  again 
becomes  hard  and  brittle.  At  412°  C.  it  melts,  and  at  1,040°  C. 
it  boils  and  volatilizes,  or  if  air  is  present  takes  fire  and 
burns  with  a  luminous,  greenish  flame,  forming  zinc  oxide. 
It  oxidizes  readily  when  exposed  to  moist  air,  and  is  freely 
attacked  by  all  acids. 
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COMPOUNDS  OF  ZINC. 

138.  Oxygen  forms  only  one  known  compound  with 
zinc,  zinc  oxide,  ZnO\  it  is  an  insoluble,  white,  amorphous 
powder,  which  becomes  yellow  when  heated,  this  color,  how- 
ever, disappearing  again  as  soon  as  the  compound  cools.  It 
dissolves  readily  in  acids,  and  is  extensively  used  as  a  pig- 
ment. Zinc  sulphide,  ZnS,  occurs  in  nature  as  the  mineral 
blende.  It  is  generally  yellowish-brown  in  color,  has  a 
resinous  luster,  and  is  translucent.  Zinc  carbonate,  ZnCO^, 
is  an  insoluble  substance,  which  occurs  native  as  smithson- 
ite,  the  principal  ore  of  zinc.  Zinc  chloride  is  a  white  or 
grayish-white,  crystalline  substance,  easily  fusible  and  vola- 
tile at  red  heat.  It  is  very  deliquescent,  and  dissolves  in 
water,  forming  a  definite  compound,  ZnCl^,  ^Hfi,  which 
crystallizes  in  octahedrons.  It  is  used  as  a  caustic  in  sur- 
gery, in  solution  as  an  antiseptic,  and,  with  ammonium 
chloride,  as  a  soldering  flux. 


CADMIUM. 

Symbol,  Cd,  Atomic  weight,  111,64  {112),  Valence,  IL 
Density,  55.77,     Specific  gravity,  8.7, 

139.  Occurrence  and  Properties.  —  Cadmium  is 
a  comparatively  rare  metal,  occurring  as  an  impurity 
in  certain  zinc  ores.  It  is,  however,  more  volatile  than 
zinc,  and  therefore  distils  over  first  in  the  preparation 
of  zinc. 

Cadmium  closely  resembles  zinc,  but  is  whiter,  more 
easily  fusible,  and  more  volatile  than  the  latter  metal.  It  is 
malleable  and  ductile  at  ordinary  temperatures,  but  becomes 
brittle  at  82°  C,  and  crackles  when  bent,  as  does  tin.  It 
melts  at  315°  C,  and  takes  fire  in  the  air  at  red  heat,  form- 
ing a  brown  oxide,  CdO.  It  is  unalterable  in  the  air,  and 
acids  act  upon  it  only  slowly.  Its  compounds  are  analogous 
to  those  of  zinc. 
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COPPER. 

Symbol^  Cu,  Atomic  weighty  63.12  {63,5).  Valence^  II 
and  {Cu^y,     Specific  gravity^  8.9. 

140*  Occurrence  and  Properties. — Copper  is  an 
important  metal,  being  largely  used  in  the  arts,  and  has  been 
known  from  the  earliest  times.  The  Romans  obtained  it 
from  the  island  of  Cyprus,  and  called  it  "aes  cyprium." 
Copper  is  an  abundant  metal,  and  is  found  in  large  quan- 
tities near  Keweenaw  Point,  Lake  Superior.  The  workable 
ores  of  copper  are  (1)  a  compound  of  copper,  sulphur,  and 
iron,  known  as  chalcopyrite,  CuFeS^,  (2)  the  cuprous  sul- 
phide, C«,5,  (3)  the  carbonate  or  malachite,  CuCO^y 
Cu(OH)^y  and  (4)  cuprite,  the  red  or  cuprous  oxide,  CujO. 

Copper  is  a  lustrous  metal,  flesh-red  in  color,  and  some- 
what softer  than  iron.  When  rubbed  with  the  hand,  it 
exhales  a  peculiar,  disagreeable  odor.  It  conducts  heat  and 
electricity  readily,  is  very  malleable  and  ductile,  and  pos- 
sesses considerable  tenacity.  It  melts  at  about  1,200°  C, 
and  is  slightly  volatile  at  a  white  heat.  It  is  unaltered  in 
dry  air  when  in  bulk,  although  when  finely  divided  it  often 
takes  fire  spontaneously.  It  absorbs  oxygen  in  the  presence 
of  moisture  and  carbon  dioxide.  Green  spots  then  appear 
on  the  surface  of  the  metal,  which  are  ordinarily  called 
verdigris,  and  which  constitute  a  hydrocarbonate  of  cop- 
per. When  heated  to  redness,  scales  of  oxide  form  on  its 
surface.  It  is  readily  attacked  by  chlorine  and  sulphur, 
and  also  by  nitric  acid.  Weak  acids,  alkalies,  and  saline 
solutions  act  on  it  slowly ;  hence,  as  all  its  salts  are  poison- 
ous, anything  to  be  taken  as  food  should  not  be  prepared  in 
vessels  made  of  this  metal  or  any  of  its  alloys. 

Copper  is  much  employed  in  the  arts,  both  as  such 
and  in  the  form  of  alloys.  With  zinc  and  tin,  it  forms 
the  well-known  alloy,  brass,  of  which  yellow  or  sheathing 
metal  and  aich  metal  are  varieties.  Sterro-metal  is  a 
brass  containing  nearly  one  per  cent,  of  tin  and  two  per 
cent,  of  iron,  etc. 


N.  M.    II.— 12 
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COMPOUNDS  OF  COPPBR. 

141*  Cuprlc  Chloride.  Formula^  CuCl^. — Cupric 
chloride  is  a  yellowish-brown,  deliquescent  powder;  it  forms 
with  water  a  green  solution,  which  on  evaporation  deposits 
green  crystals  of  the  composition  CuCl^y  %HjD,  Cuprous 
chloride,  Cu^Cl^,  is  formed  by  the  action  of  copper  upon 
cupric  chloride  in  presence  of  hydrochloric  acid.  On 
pouring  the  solution  into  water,  a  dense,  crystalline  precipi- 
tate is  thrown  down,  which  becomes  blue  when  exposed  to 
air,  and  is  fusible  at  red  heat. 

142*  Cupric  Oxide.  Formula^  CuO. — This  oxide  is 
formed  when  copper  is  heated  in  the  air;  it  yields  the  blue 
and  green  cupric  salts.  Its  specific  gravity  is  6.3,  and  it 
fuses  without  change  at  red  heat.  It  is  largely  used  in  the 
laboratory  as  a  means  of  giving  off  oxygen  for  the  combus- 
tion of  organic  substances.  Cupric  hydrate^  Cu{OH)^^  is 
obtained  as  a  light  blue  precipitate  when  sodium  carbonate 
is  added  to  a  cold  solution  of  a  cupric  salt.  It  is  a  strong  base 
and  forms  numerous  salts.  Cupric  sulphate^  CuSO^y  com- 
monly known  as  blue  vitriol,  is  largely  manufactured  by 
dissolving  cupric  oxide  in  sulphuric  acid.  It  crystallizes  in 
blue  crystals ;  when  heated  to  redness,  it  loses  all  its  water 
of  crystallization  and  forms  a  white  powder,  which  again  at 
a  higher  temperature  decomposes,  leaving  cupric  oxide. 
Copper  sulphate  is  employed  in  calico  printing  and  in  the 
manufacture  of  copper  pigments,  such  as  Scheele's  green, 
Brunswick  green,  etc.  Two  cupric  basic  carbonates  occur 
in  nature:  malachite^  CuCO^^  Cu{OH)^y  which  is  green,  and 
azurite^  2CuC0^,  Cu{OH)^y  which  is  blue.  Cuprous  oxide^ 
or  red  oxide,  Cufi^  occurs  in  nature  as  the  mineral  cuprite. 
Cuprous  oxide  imparts  to  glass  a  splendid  ruby-red  color. 
With  acids  it  forms  colorless  salts,  which  rapidly  absorb 
oxygen  from  the  air  and  change  into  the  corresponding 
cupric  compounds. 

143*  Cupric  Sulphide.  Formula^  CuS,  Cupric  sul- 
phide occurs  in  nature  as  the  mineral  **covellite";  it  is  hex- 
agonal in  its  crystallization,  of  a  bluish-black  color,  and  has  a 
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specific  gravity  of  4.6.  Cuprous  sulphide ^  Cu^S,  also  occurs  in 
nature  as  the  **chalcocite,"  and  is  also  produced  abundantly 
in  the  smelting  of  copper.  It  crystallizes  in  orthorhombic 
prisms,  is  lead-gray  in  color,  and  easily  fusible.  It  acts  as 
sulphur  base,  forming  cuprous-sulph  arsenites  and  anti- 
monites. 


LEAD. 

Symbol,  Pb,  Atomic  weight,  206,36  (207).  Valence,  II 
and  IV,     Specific  gravity,  11.36. 

144«  Occurrence  and  Properties. — Lead  does  not 
occur  native,  but  somewhat  abundantly  in  combination. 
The  principal  workable  ore  of  lead  is  its  sulphide  or 
galenite,  though  it  also  occurs  rather  plentifully  as  carbonate 
or  cerussite,  as  sulphate  or  anglesite,  as  chloroarsenate  or 
mimetite,  as  chlorophosphate  or  pyromorphite,  and  in  other 
forms. 

Lead  is  a  bluish-white,  brilliant  metal,  and  so  soft  as  to  be 
scratched  with  the  finger-nail  or  cut  with  a  knife.  It  leaves 
upon  paper  a  bluish-gray  streak;  it  can  be  drawn  out  into  a 
wire  and  hammered  into  thin  sheets,  but  possesses  only  a 
feeble  tenacity.  It  crystallizes  in  regular  octahedrons  and 
fuses  at  335°  C. ;  at  a  higher  temperature  it  volatilizes,  but 
not  in  a  quantity  sufficient  to  allow  it  to  be  distilled.  A 
freshly  cut  surface  of  lead  tarnishes  in  ordinary  air,  but 
remains  bright  in  perfectly  dry  air,  and  also  in  water 
entirely  free  from  air.  When  melted  it  rapidly  absorbs 
oxygen,  and  becomes  covered  with  a  film  of  oxide,  which,  by 
the  continuous  action  of  heat,  is  transformed  into  a  yellow 
powder,  known  as  massicot.  Drinking-waters  in  general  act 
upon  lead,  dissolving  it,  and  partly  precipitating  it  as  car- 
bonate. This  action  is  particularly  noticeable  in  well- 
waters  that  contain  nitrates  from  decomposed  animal 
matter,  or  chlorides  from  saline  infiltration.  Lead  water- 
pipes  should  therefore  be  used  with  great  caution.  Lead 
is  only  slightly  attacked  by  sulphuric  or  hydrochloric  acid 
at  ordinary  temperatures,  but   dissolves  readily  in  nitric 
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acid.     In  the  presence  of  air  and  moisture,  it  is  acted  upon 
by  very  feeble  acids,  such  as  acetic  and  carbonic  acids. 

Lead,  when  taken  into  the  system,  unites  definitely  with 
certain  tissues  and  is  retained  there,  until  finally  sufficient 
of  the  metal  accumulates  to  produce  poisoning,  of  which 
acute  colic  and  paralysis  of  the  muscles  (especially  of  the 
arms)  are  characteristics. 


COMPOUNDS  OF  LBAD. 

146.  Plumbic  cblorlde,  PbCl^y  is  obtained  as  a 
heavy,  white  powder,  which  is  soluble  in  135  parts  of  cold 
and  33  parts  of  boiling  water,  from  which  it  may  be  crystal- 
lized in  long,  lustrous  needles.  Plumbic  chloride  boil's  at 
a  red  heat,  and  goes  off  into  vapor  at  a  more  elevated 
temperature.  After  being  fused  it  solidifies,  on  cooling,  to 
a  translucent  and  laminated  mass,  which,  resembling  horn, 
is  sometimes  called  horn  lead. 

146*  Plumbic  peroxide,  PbO^^  is  a  chocolate-brown 
powder,  which  gives  off  oxygen  on  being  heated.  It  is  a 
powerful  oxidizing  agent,  uniting  directly  with  sulphurous 
oxide  to  iorm  plumbic  sulphate.  It  also  combines  directly 
with  potassium,  sodium,  calcium,  and  even  plumbic  oxides, 
forming  the  salts  known  as  plumbates.  Plumbic  plumbates 
constitute  the  various  bodies  known  commercially  as  red 
leads.  The  compounds,  plumbic  orthoplumbate^  Pb^PV^O^^ 
and  metaplumbate^  Pb'Pb'^O^,  are  largely  manufactured  in 
the  arts  as  pigments.  Nitric  acid  decomposes  these 
plumbates,  producing  lead  nitrate  and  plumbic  peroxide. 

147*  Plumbic  oxide,  PbO^  is  obtained  by  heating 
lead  in  a  current  of  air.  It  appears  as  a  straw-colored 
powder,  which,  after  being  fused,  crystallizes  in  scales  on 
cooling,  and  is  known  under  the  name  of  litbarge.  Plumbic 
oxide  is  soluble  in  lime-water  and  other  alkali-hydrate  solu- 
tions, as  well  as  in  acids,  forming  with  these  last  a  series  of 
salts.     It  is  largely  employed  in  the  manufacture  of  glass 
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Plumbic  carbonate^  PbCO^^  occurs  in  nature  as  cerussite ;  a 
basp;  carbonate^  "^PbCO^,  Pb{OH)^^  is  much  used  as  a  pig- 
ment under  the  name  of  white  lead. 


BISMUTH. 

Symbol,  Bi.  Atomic  weight,  206.54  {208),  Valence,  III 
and  V.     Specific  gravity,  9.8. 

148.  Occurrence  and  Properties. — This  element 
occurs  in  the  metallic  state  in  veins  traversing  gneiss,  clay 
slate,  and  other  crystalline  rocks,  and  is  found  principally 
in  Saxony  and  Bohemia.  It  occurs  also  as  an  oxide,  form- 
ing the  mineral  bismite,  as  sulphide  or  bismuthinite,  as 
carbonate  or  bismutite,  etc.  The  bismuth  of  commerce  is 
never  pure,  but  mostly  contains  arsenic,  iron,  and  traces  of 
other  metals. 

Bismuth  is  a  hard,  brittle,  reddish-white  metal.  Its  frac- 
ture is  crystalline  and  laminated.  It  melts  at  264°  C.  On 
cooling,  it  crystallizes  in  octahedrons,  which  are,  owing  to 
a  slight  superficial  oxidation,  mostly  covered  with  a  thin 
film,  which  causes  a  beautiful  iridescent  play  of  colors. 
Bismuth,  after  being  melted,  expands  one-thirty-second  of 
its  bulk  on  solidifying.  It  remains  unaltered  in  dry  air, 
but  tarnishes  in  moist  air.  It  is  readily  attacked  by  chlo- 
rine and  nitric  acid,  biit  hydrochloric  and  sulphuric  acids, 
when  cold,  have  no  effect  upon  it.  At  a  red  heat  it  burns 
with  a  bluish-white  flame,  forming  bismuth  oxide. 

Bismuth  is  largely  used  in  the  arts  as  an  ingredient  of 
fusible  metals;  its  compounds  are  used  in  medicine  and  also 
as  pigments. 


COMPOUNDS  OF  BISMUTH. 

149.  Two  oxides  of  bismuth  have  been  obtained,  bis- 
muth trioxide,  Bifi^,  and  bismuth  pentoxide,  Bifi^.  The 
former  is  a  straw-yellow  powder,  fusible  at  a  red  heat,  and 
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yielding,  on  cooling,  a  dark  yellow,  vitreous  mass;  the  second 
oxide  is  a  reddish-brown  powder,  which  forms  with  the 
alkalies  soluble  salts.  The  nitrate^  Bi{NO^)^,  5//,(9,  is  the 
most  important  soluble  salt  of  bismuth.  A  basic  nitrate 
is  employed  in  medicine,  under  the  name  of  subnitrate 
of  bismuth,  in  cases  of  diarrhoea.  The  sulphide^  ^h^t^ 
occurs  in  nature  as  bismuth inite,  and  may  be  obtained  as 
a  black,  insoluble  compound.  Bismuthous  chloride^  BiCl^y 
which  is  obtained  by  heating  bismuth  in  chlorine  gas,  is  a 
white,  granular,  deliquescent  substance,  easily  fusible  and 
volatile. 


MERCURY. 

Symbol,  Hg.  Atomic  weight,  198, Jfi  {200),  Valence,  II. 
Density,  99.2JiS,  Molecular  weight,  198.  J^,  Specific  grav- 
ity, 13.6, 

150*  Occurrence  and  Properties. — Mercury  has 
been  known  from  the  earliest  times;  the  Romans  called  it 
**  argentum  vivum,*'  and  the  English,  quicksilver.  Mercury 
occurs  native  in  only  small  quantities,  the  chief  ore  being 
its  sulphide,  known  as  the  mineral  cinnabar,  which  occurs  in 
Almaden  in  Spain,  in  Illyria,  and  in  California. 

Mercury  is  the  only  metal  existing  in  a  liquid  state  at 
ordinary  temperatures.  It  has  a  brilliant,  silver-white  color. 
At  —  40°  C.  it  solidifies  to  a  malleable  mass,  and  crystallizing 
in  octahedrons.  At  ordinary  temperatures  it  is  very  slightly 
volatile,  and  at  350°  C.  it  boils,  yielding  a  colorless  vapor  of 
specific  gravity  6.97G.  Pure  mercury  does  not  tarnish  in  the 
air,  but  at  its  boiling-point  it  slowly  absorbs  oxygen  and 
changes  into  the  red  oxide.  Hydrochloric  acid  does  not 
dissolve  mercury,  but  boiling  sulphuric  acid,  and  even  dilute 
nitric  acid,  dissolve  it  readily.  Mercury  is  largely  used  in 
the  arts  for  filling  thermometers  and  barometers,  silvering 
mirrors,  and  in  the  process  of  extracting  gold  and  silver  from 
their  ores.  Mercury  and  its  salts  are  of  great  value  as  medi- 
cines.    Its  alloys  with  other  metals  are  called  amalgams. 
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COMPOUNDS  OF  MBRCURY. 

151.  Two  oxides  of  mercury  exist,  mercuric  oxide ^ 
HgOy  and  mercurous  oxide ^  ^^sfi^  ^^  former  being  an 
orange-red,  granular,  and  crystalline  powder,  and  the  latter 
an  unstable  black  powder.  The  sulphides  correspond  to 
the  oxides ;  while  mercurous  sulphide^  ^^^^j  is  an  unstable 
black  powder,  mercuric  sulphide  is  of  a  brilliant  red  color. 
The  latter  occurs  in  nature  as  cinnabar,  but  may  also  be 
obtained  by  direct  synthesis ;  it  is  much  used  as  a  pigment, 
and  is  generally  known  as  vermilion. 

152.  Mercurous  chloride^  or  calomel^  fiS%Cl^^  is  a  heavy, 
white  powder,  which  volatilizes  below  red  heat  and  gradually 
decomposes  on  exposure  to  light.  It  is  largely  used  in 
medicine  under  the  name  of  calomel  or  mild  chloride  of 
mercury.  Mercuric  chloride^  or  corrosive  sublimate, 
HgCl^^  is  a  white,  semitransparent  crystalline  mass,  of 
specific  gravity  5. 43.  It  melts  at  265°  C.  and  boils  at  295°  C. ; 
it  is  soluble  in  sixteen  parts  of  cold  or  three  parts  of  hot 
water,  crystallizing  from  the  latter  in  long,  white,  ortho- 
rhombic  prisms.  Mercuric  chloride  is  a  corrosive  poison. 
The  white  of  eggs  is  the  best  antidote  in  case  of  poisoning, 
as  the  chloride  coagulates  albumen  and  forms  an  insoluble 
compound  with  it. 


SILVER. 

Symbol,  Ag,  Atomic  weight,  107 A 1  {108),  Valence,  I. 
Specific  gravity,  10.5. 

153*  Occurrence  and  Properties. — Silver  has  been 
known  from  the  earliest  times.  It  occurs  native,  both  in 
bulk  and  also  crystallized.  It  is  found  in  combination  as 
sulphide  in  argentine,  as  sulphantimonite  in  pyrargyrite  and 
stephanite,  and  in  small  proportions  in  many  galenas  and 
copper  pyrites. 

Silver  is  a  brilliant  white  metal,  harder  than  gold,  but 
still  very  malleable  and  ductile.  It  is  probably  the  best 
conductor  of  heat  and  electricity  known.     At  1,000°  C.  it 
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becomes  fusible  and  slightly  volatile.  Silver  is  not  tarnished 
in  pure  air  at  any  temperature.  It  possesses  the  power  of 
absorbing  mechanically  about  twenty-two  times  its  bulk  of 
oxygen  when  melted  in  the  air,  which  oxygen,  however,  is 
again  evolved,  when  the  metal  solidifies.  Sulphur,  chlorine, 
and  phosphorus  act  readily  upon  it ;  the  tarnishing  of  silver 
articles  exposed  to  air  must,  therefore,  be  always  traced 
to  the  presence  of  these  elements  in  the  air.  Nitric  acid 
dissolves  it  readily,  sulphuric  and  hydrochloric  acids  with 
difficulty. 

1 54.  Owing  to  its  softness,  silver  is  rarely  used  alone. 
It  is  usually  alloyed  with  copper,  which,  while  it  increases 
its  hardness,  scarcely  alters  its  color.  The  silver  coins  of 
the  United  States  and  France  contain  10  per  cent,  of  copper, 
those  of  England  7.5  per  cent.,  and  those  of  Germany  12.5 
per  cent. 

COMPOUNDS  OF  SILVBR. 

165.  Silver  chloride,  -^gCl^  occurs  in  nature,  and  is 
known  under  the  name  of  horn  silver.  It  may  be  obtained 
by  the  direct  union  of  silver  and  chlorine  as  a  white,  curdy 
mass.  Silver  chloride  melts  at  260°  C.  and  solidifies,  on 
cooling,  to  a  gray,  horn-like  mass.  It  has  a  specific  gravity 
of  5.4,  crystallizes  in  isometric  forms,  and  turns  black  on 
exposure  to  light.  For  the  latter  reason,  it  is  used  in 
photography. 

156.  Silver  oxide,  ^Sfii  ^^7  ^^  precipitated  by  an 
alkaline  hydrate  from  a  solution  of  silver  nitrate.  It 
is  a  dark-brown  powder,  of  a  specific  gravity  of  7.2. 
It  is  easily  decomposed  by  heat  and  partially  by  light.  It 
is  insoluble  in  water,  but  ammonia  dissolves  it  readily,  pro- 
ducing a  violently  explosive  compound.  Silver  nitrate, 
AgNO^y  is  obtained  in  transparent,  orthorhombic  prisms, 
which  are  soluble  in  their  own  weight  of  cold  water.  They 
fuse  at  a  moderate  heat,  and  at  a  higher  temperature  are 
decomposed.  Silver  nitrate  blackens  in  the  presence  of 
organic  matter;  it  is  used  therefore  as  a  hair-dye  and  for 
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indelible  ink.  Cast  in  sticks,  it  is  employed  as  a  caustic  in 
surgery.  Other  salts  of  silver  are  the  sulphate  A^^SO^  and 
the  phosphate  Ag^PO^.  Silver  dioxide,  or  peroxide,  Ag^O^, 
is  obtained  by  electrolysis. 


GOLD. 

Symbol,  Au,  Atomic  weight,  195.7i  (196,6).  Valence, 
I  and  II L      Specific  gravity,  19.5, 

157.  Occurrence  and  Properties. — Gold  occurs 
quite  widely  distributed  in  nature,  being  found  generally  in 
veins  or  streaks  of  quartz  intersecting  metamorphic  rocks, 
also  in  sand,  and  as  minute  particles  in  suspension  in  the 
water  of  certain  rivers. 

Gold  is  a  soft,  orange-yellow  metal.  It  is  very  ductile 
and  malleable,  so  malleable,  in  fact,  that  it  can  be  beaten 
into  leaves  only  one  ten-thousandth  of  a  millimeter  thick. 
Thin  gold  leaves  are  translucent,  allowing  the  passage 
of  a  greenish  light,  but  when  rendered  non-lustrous  by 
heat,  this  light  appears  red.  Gold  melts  at  1,200°  C,  and  at 
a  higher  temperature  becomes  volatile.  It  is  a  good  con- 
ductor of  both  heat  and  light.  Gold  remains  unaltered  by 
the  air,  and  is  not  attacked  by  any  single  acid,  although 
solutions,  such  as  aqua  regia,  which  contain  free  chlorine 
dissolve  it  readily. 

Gold  is  largely  used  for  ornamental  purposes  and  coinage, 
but  being  in  its  pure  state  too  soft  for  either  purpose,  it  is 
always  alloyed  with  silver  or  copper.  The  gold  coins  of  the 
United  States  contain  nine  parts  of  gold  and  one  part  of 
copper. 

COMPOUNDS  OF  GOLrD. 

168.  By  dissolving  gold  in  aqua  regia,  a  dark-red,  crys- 
talline, and  deliquescent  mass  is  obtained;  this  is  auric 
chloride,  AuCl^.  Auric  chloride  is  soluble  in  water,  alcohol, 
and  ether,  and  forms  yellow  double  chlorides  with  hydrogen, 
sodium,  potassium,  and  ammonium  chlorides.  Aurous chlo- 
ride, AuCl,  is  a  nearly  white  mass,  permanent  in  the  air  and 
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insoluble  in  water;  it  is  decomposed,  however,   by  boiling 
water,  into  auric  chloride  and  metallic  gold. 

159*  Auric  oxide^  Au^O^,  is  an  unstable  compound, 
being  easily  decomposed  by  light  and  heat.  It  readily 
unites  with  bases  to  form  aurates.  Ammonium  aurate^ 
known  as  fulminating  gold,  is  violently  explosive.  Aurous 
oxide ^  Au^O,  is  a  greenish  powder. 


PLATINUM. 

Symbol,  Pt,  Atomic  weight,  193.41  {194,3),  Valence, 
II  and  IV,     Specific  gravity,  21.5. 

160*  Occurrence. — Platinum  occurs  native,  usually  in 
rounded  grains,  though  sometimes  it  is  found  crystallized  in 
octahedrons.  It  is  rarely  pure,  the  native  platinum  con- 
taining gold,  iron,  and  copper,  as  well  as  iridium,  ruthenium, 
osmium,  etc.  It  is  found  in  the  nickel  mines  of  Sudbury, 
Ontario,  as  arsenide,  PtAs^,  and  known  as  the  mineral 
sperrylite.  The  principal  deposits  of  platinum  are  in  the 
Ural  Mountains  (in  Russia),  in  Brazil,  and  in  California. 

Platinum  is  a  brilliant,  bluish-white  metal,  extremely 
ductile  and  malleable,  and  possesses  a  tenacity  and  hardness 
resembling  that  of  copper.  It  is  an  imperfect  conductor  of 
heat  and  electricity ;  it  is  not  fusible  by  ordinary  means,  but 
yields  to  the  oxyhydrogen  flame,  in  which  it  is  partly  vol- 
atilized. Platinum  is  unaltered  by  the  air  and  not  attacked 
by  any  single  acid,  but  aqua  regia  dissolves  it  readily. 
When  finely  divided,  platinum  has  the  power  of  condensing 
gases  upon  its  surface. 

In  the  form  of  platinum  foil,  it  will  cause  the  explosion 
of  mixed  oxygen  and  hydrogen  gases,  but  in  the  form  of 
platinum  sponge,  it  is  much  more  active,  and  in  the  still 
more  finely  divided  form,  known  as  platinum  black,  it  is 
capable  of  absorbing  a  large  volume  of  oxygen.  Plati- 
num black,  therefore,  owing  to  this  condensed  oxygen,  is  a 
most  energetic  oxidizing  agent;  if,  for  instance,  alcohol  is 
poured  upon  it,  the  alcohol  is  at  once  inflamed. 
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COMPOUNDS  OF  PLATINUM. 

161*  Two  chlorides  of  platinum  maybe  obtained, /Z^- 
itnic  chloride^  P^Cl^^  and  platinous  chloride^  PtCl^.  The 
former  is  a  brown-red,  deliquescent  mass,  soluble  in  water, 
ether,  and  alcohol.  It  unites  directly  with  alkali  chlorides, 
forming  chloro-platinates.  If  heated  to  230°  C,  platinic 
chloride  loses  half  its  chlorine,  becoming  platinous  chloride; 
it  is  obtained  as  a  dark-green  powder,  insoluble  in  water, 
sulphuric  and  nitric  acids,  but  soluble  in  sodium  and  potas- 
sium hydrates. 

Platinic  oxide,  PtO^,  forms  a  hydrate,  Pt^^{HO)^,  which 
dissolves  in  alkali  hydrates,  yielding  platinates.  Platinous 
oxide,  PtO,  yields  a  basic  hydrate,  Pt"  {OH)^,  which  with 
acids  form  salts.  

TIN. 

Symbol,  Sn.  Atomic  weight,  118,15  {119).  Valence,  II and 
IV,      Specific  gravity,  7.3, 

162.  Occurrence. — The  ores  of  tin  occur  in  but  few 
localities,  and  the  metallic  tin  is  not  found  in  nature. 
The  principal  localities  of  tin  ore  are  Cornwall,  in  England, 
and  Banca  and  Malacca,  in  India.  In  this  country  it  also 
occurs  sparingly  in  New  Hampshire  and  in  some  of  the 
western  states. 

Tin  pos.sesses  a  white  color,  resembling  that  of  silver ;  it 
is  soft,  malleable,  and  ductile,  but  possesses  little  tenacity. 
It  is  dimorphous,  crystallizing  in  forms  belonging  to  the 
isometric  and  quadratic  systems.  It  crackles  when  a  bar  is 
bent,  producing  what  is  known  as  the  cry  of  tin.  It  is  a 
good  conductor  of  light  and  heat.  Tin  does  not  lose  its 
luster  on  being  exposed  to  the  air  at  ordinary  temperatures, 
but  if  strongly  heated  it  takes  fire,  forming  a  white  powder 
of  stannic  oxide.     Acids  attack  it  readily. 


COMPOUNDS  OF  TIN. 

163*  Two  chlorides  of  tin  are  known,  stafinic  chloride, 
SnCl^,  and  stannous  chloride,  SnCl^.  The  former  is  a  color- 
less, fuming  liquid,  obtained  by  the  direct  union  of  tin  and 
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chlorine  gas.  It  has  a  specific  gravity  of  2.28,  and  boils  at 
115^  C.  It  readily  unites  with  water  to  form  crystalline 
hydrated  salts  with  varying  quantities  of  water  of  crystal- 
lization. It  is  used  in  calico  printing  and  dyeing. 
Stannous  chloride  is  a  grayish-white,  semitransparent  mass, 
which  boils  at  250°  C.  By  solution  in  water  and  evapora- 
tion, large  colorless  crystals  are  produced,  which  are  known 
as  the  **  tin  salts  "  of  the  dyer,  and  which  have  the  composi- 
tion SnCl,,  {H,0),, 

164.  Stannic  oxide^  ^^O^,  may  be  prepared  by  burning 
tin  in  the  open  air ;  it  is  a  white  powder,  of  specific  gravity  6. 6, 
insoluble  in  all  acids  except  hydrofluoric  acid.  It  is  used, 
owing  to  its  hardness,  for  polishing  glass,  and  is  known 
under  the  name  of  putty-powder.  Stannous  oxidc^  SnO,  is  a 
black  powder,  of  specific  gravity  6.C,  and  combustible  when 
heated  in  the  air.  Siannic  sulphide^  SnS^^  is  a  golden  yellow 
crystalline  powder,  prepared  by  heating  tin  amalgam,  sul- 
phur, and  ammonium  sulphide ;  it  is  widely  used  as  a  bronze- 
powder. 


CHEMISTRY  AND  CHEMICAL 

OPERATIONS. 


WEIGHTS    AND    MEASURES. 


METRIC  SYSTBM  OF  WEIGHTS  AND  MEASURES. 

1.  Instead  of  using  the  rather  complicated  English 
system  of  weights  and  measures,  most  chemists  substitute 
the  very  simple  and  convenient  metric  system,  which  is 
based  on  the  meter.  This,  according  to  the  United  States 
Coast  and  Geodetic  Survey  Report  of  1884,  is  equal  to 
39.370432  inches.  The  value  commonly  used  is  39.37  inches, 
and  is  so  authorized  by  the  United  States  Government. 

There  are  three  principal  units:  the  meter,  the  liter  (pro- 
nounced lee-ter)^  and  the  gram — the  units  of  length,  capacity, 
and  weight,  respectively.  Multiples  of  these  units  are 
obtained  by  prefixing  to  the  names  of  the  principal  units  the 
Greek  words  deka  (10),  hekto  (100),  and  kilo  (1,000) ;  the  sub- 
multiples,  or  subdivisions,  are  obtained  by  prefixing  the 
Latin  words  deci  (^q^),  centi  (yJtt),  and  milli  (yVrir)-  These 
prefixes  form  the  key  to  the  entire  system.  In  the  following 
tables,  the  abbreviations  of  the  principal  units  of  these  sub- 
multiples  begin  with  a  small  letter,  while  those  of  the  mul- 
tiples begin  with  a  capital  letter.  The  abbreviations  are 
those  adopted  by  the  International  Congress  of  Metric 
Weights  and  Measures.  Chemists  commonly  use  c.  c. 
instead  of  cm.'  for  cubic  centimeter. 
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TABLE    I. 


MEASURES   OF   LENGTH. 

10  millimeters  (mm.) =  1  centimeter cm. 

10  centimeters =  1  decimeter dm. 

10  decimeters =  1  meter m. 

10  meters =  1  dekameter Dm. 

10  dekameters =  1  hektometer Hm. 

10  hektometers =  1  kilometer Km. 

MEASURES    OF    SURFACE    (NOT    LAND). 

100  square  millimeters  (mm.*). , , .    =  1  square  centimeter cm.' 

100  square  centimeters =  1  square  decimeter dm.' 

100  square  decimeters =  I  square  meter m.* 

MEASURES  OF    VOLUME. 

1,000  cubic  millimeters  (mm. 3) =1  cubic  centimeter  .  .c.  c,  or  cm.' 

1,000  cubic  centimeters =  1  cubic  decimeter dm.* 

1,000  cubic  decimeters =  1  cubic  meter m.' 

MEASURES   OF   CAPACITY. 

10  milliliters  (ml.) =  1  centiliter cl. 

10  centiliters =  1  deciliter dl. 

10  deciliters =  1  liter 1. 

10  liters =  1  dekaliter Dl. 

10  decaliters =  1  hektoliter HI. 

10  hektoliters =  1  kiloliter Kl. 

Note. — The  liter  is  equal  to  the  volume  occupied  by  1  cubic  decimeter 
of  pure  distilled  water  at  its  temperature  of  maximum  density,  or  4"  C. 

MEASURES  OF   1^'^EIGHT. 

10  milligrams  (mg.) =  1  centigram eg. 

10  centigrams =  1  decigram dg. 

10  decigrams =  1  gram ...  g. 

10  grams =  1  dekagram Dg. 

10  dekagrams =  1  hektogram Hg. 

10  hektograms =  1  kilogram Kg. 

1,000  kilograms =  1  ton T. 

Note. — The  gram  is  the  weight  of  1  c.  c.  of  pure  distilled  water  at  a 
temperature  of  4'  C. ;  the  kilogram  is  the  weight  of  1  liter  of  water; 
the  ton  is  the  weight  of  1  cubic  meter  of  water. 
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TABLE  IL 


CONVERSION  TABLE:   ENGLISH   MEASURES  INTO  METRIC. 


Metric. 

Metric. 

Metric. 

Metric. 

English. 

Inches  to 

Feet  to 

Pounds  to 

Gallons  to 

Meters. 

Meters. 

Kilograms. 

Liters. 

1 

.0253998 

.3047973 

.4535925 

3.7853122 

2 

.0507996 

.6095946 

.9071850 

7.5706244 

3 

.0761993 

.9143919 

1.3607775 

11.3559366 

4 

.1015991 

1.2191892 

1.8143700 

15.1412488 

5 

.1269989 

1.5239865 

2.2679625 

18.9265610 

6 

.1523987 

1.8287838 

2.7215550 

22.7118732 

7 

.1777984 

2.1335811 

3.1751475 

26.4971854 

8 

.2031982 

2.4383784 

3.6287400 

30.2824976 

9 

.2285980 

2.7431757 

4.0823325 

34.0678098 

10 

.2539978 

3.0479730 

4.5359250 

37.8531225 

TABLE   IIL 


CONVERSION  TABLE:   METRIC  MEASURES  INTO  ENGLISH. 


English. 

English. 

English. 

English. 

Metric, 

Meters  to 

Meters  to 

Kilograms  to 

Liters  to 

Inches. 

Feet. 

Pounds. 

Gallons. 

1 

39.370432 

3.2808693 

2.2046223 

.2641790 

2 

78.740864 

6.5617386 

4.4092447 

.5283580 

3 

118.111296 

9.8426079 

6.6138670 

.7925371 

4 

157.481728 

13.1234772 

8.8184894 

1.0567161 

5 

196.852160 

16.4043465 

11.0231117 

1.3208951 

6 

236.222592 

19.6852158 

13.2277340 

1.5850741 

7 

275.593024 

22.9660851 

15.4323564 

1.8492531 

8 

314.963456 

26.2469544 

17.6369787 

2.1134322 

9 

354.333888 

29.5278237 

19.8416011 

2.3776112 

10 

393.704320 

32.8086930 

22.0462234 

2.6417902 
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2.  By  using  these  tables,  one  measure  can  be  converted 
into  another  by  simple  addition.  It  should  be  remarked 
that  it  is  not  necessary  to  use  all  the  figures  of  the  different 
decimals,  four  decimal  places  being  all  that  are  commonly 
used;  it  is  only  in  very  exact  calculations  that  all  seven 
decimal  places  are  required. 

Illustration. — Change  6,471.8  feet  into  meters.  Any  number,  as 
6,471.8,  may  be  regarded  as  6,000  +  400  -+-  70  -h  1  -h  .8;  also  6,000 
=  1,000x6;  400  =  100  X  4,  etc.  Hence,  looking  in  the  left-hand 
column  of  Table  II  for  figure  6  (the  first  figure  of  the  given  num- 
ber), we  find  opposite  in  the  third  column,  which  is  headed  **  Feet  to 
Meters,"  the  number  1.8287888.  Now,  using  but  four  decimal  places 
and  increasing  the  figure  in  the  fourth  decimal  place  by  1  (since  the 
next  figure  is  greater  than  5),  we  get  1.8288.  In  other  words,  6  feet 
=  1.8288  meters;  hence,  simply  moving  the  decimal  point  three  places 
to  the  right,  6,000  feet  =  1,000  X  1.8288  =  1,828.8.  In  like  manner. 
400 feet  =  121.92  meters;  70 feet  =  21.386  meters;  1  foot  =  .8048  meter; 
and  .8  foot  =  .2438  meter.     Adding,  as  shown  below,   the  result  is 

1,972.6046  meters. 

1  8  2  8.8  0  0  0 

12  1.92  0  0 

•2  1.8  8  6  0 

.3  04  8 

.24  3  8 


1  9  7  2.6  0  4  6 

Again,  convert  19.685  Kg.  into  pounds.   The  work  should  be  perfectly 
clear  from  the  explanation  given  below.    The  result  is  43.2877  pounds. 

2  2.0  4  6  2 

1  9.8  4  1  6 

1.8  2  28 

.0  66  1 

.0110 


43.28  7  7 


The  only  difficulty  in  applying  these  tables  lies  in  locating 
the  decimal  point.  Its  position  may  always  be  determined 
by  applying  the  following  statement :  If  the  figure  consid- 
ered lies  to  the  left  of  the  decimal  point,  count  each  figure  in 
order,  beginning  with  units  (but  calling  units  place  zero) 
until  the  desired  figure  is  reached;  then  move  the  decimal 
point    to    the    right   as    many  places   as   the    figure    being 
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considered  is  to  the  left  of  the  decimal  point.  Thus,  in  the 
number  6,471.8  above,  the  6  lies  three  places  to  the  left  of 
the  1,  which  is  in  units  place;  hence,  the  decimal  point  is 
moved  three  places  to  the  right.  By  exchanging  the  words 
**  right  "  and  **left,"  the  statement  will  also  apply  to  deci- 
mals. Thus,  in  the  second  case  above,  the  5  of  the  number 
19.635  lies  three  places  to  the  right  of  units  place;  hence,  the 
decimal  point  in  the  number  taken  from  the  table  is  moved 
three  places  to  the  left. 


BNGLISH  WBIGHT8  AND  MBASURB8. 

3.  Familiarity  with  English  weights  and  measures  is 
assumed ;  still,  the  following  particulars  may  prove  useful : 

One  United  States  gallon  has  a  volume  of  231  cubic  inches, 
and  contains  4  quarts,  or  8  pints.  A  gallon  of  pure  water 
weighs  128  ounces,  or  58,318  grains;  hence,  a  pint  of  pure 
water  weighs  16  ounces,  or  1  pound,  and  from  this  has  come 
the  saying  **a  pint  is  a  pound,'*  although,  of  course,  a  pint 
of  any  liquid  having  a  specific  gravity  differing  from  that  of 
water  would  have  a  different  weight.  The  measure  termed 
2^  fluid  ounce  is  a  measure  of  volume,  and  not  of  weight,  and 
is  equal  to  j^  part  of  a  pint.  In  other  words,  it  is  the  vol- 
ume of  1  ounce  of  pure  water. 

The  fluid  ounce  bears  the  same  relation  to  the  avoirdupois 
ounce  as  does  the  cubic  centimeter  to  the  gram.  When 
directions  are  given  to  dissolve  1  part,  by  weight,  of  a  solid 
in  10  parts  (or  any  other  number  of  parts),  by  weight,  of 
water,  either  ounces  in  fluid  ounces  or  grams  in  cubic  centi- 
meters may  be  taken. 

As  it  is  the  general  custom  to  use  the  Centigrade  ther- 
mometer in  all  chemical  calculations  and  investigations,  the 
temperatures  given  will  always  be  in  degrees  Centigrade, 
unless  otherwise  stated. 

The  student  should  bear  in  mind  that  the  absolute  tem- 
perature of  a  body  is  its  temperature  in  degrees  C.  +  273^°, 
but  in  all  practical  work  the  fraction  is  dropped  and  273°  is 
used. 

iV.  M.    //.— ii 
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4.     Relatlonof  tlieHydrosen  Unit  to  the  Air  Unit. 

Density  has  been  defined  as  the  weight  of  any  volume  of  gas 
compared  with  that  of  the  same  volume  of  hydrogen,  mea- 
sured at  the  same  temperature  and  pressure.  (These  con- 
ditions are  always  understood  in  speaking  of  comparative 
weights  of  gases.)  The  term  specific  gravity  may  likewise 
be  defined  as  the  weight  of  any  volume  of  gas  compared  with 
that  of  the  same  volume  of  air.  The  density  of  hydrogen  is 
assumed  to  be  1  and  its  specific  gravity  is  .0693.  It  is  then 
obvious  that  by  multiplying  the  density  of  any  gas  by  the 
specific  gravity  of  hydrogen,  i.  e.,  .0693,  the  specific  gravity 
of  the  gas  in  question  may  be  obtained,  and  that,  conversely, 
by  dividing  the  specific  gravity  of  any  gas  by  .0693  its  density 
may  be  found. 

Illustration. — The  density  of  oxygen  is  16;  its  specific  gravity, 
therefore,  will  be  16  X  .0693  =  1.108. 

The  specific  gravity  of  chlorine  is  2.46;  its  density,  therefore,  is 
2.46  H-  .0698  ^  85.5. 


pressure:,  volumb,  and  tempbraturb  of  gasbs. 

5.  If  the  temperature  of  a  confined  gas  remains  the 
same,  the  pressure  and  volume  will  always  vary  according  to 
Mariotte's  laii\  which  is  as  follows: 

The  temperature  remaining  the  same^  the  quantity  of  gas 
varies  inversely  as  the  pressure. 

The  meaning  of  this  is :  If  the  volume  of  the  gas  is  dimin- 
ished to  I,  \,  \,  etc.,  of  its  former  volume,  the  pressure  will 
be  increased  2,  3,  5,  etc.  times;  or  if  the  outside  pressure  is 
increased  2,  3,  5,  etc.  times,  the  volume  of  the  gas  will  be 
diminished  to  ^,  ^,  ^,  etc.  of  its  original  volume,  the  temper- 
ature remaining  constant. 

As  a  necessary  consequence  of  Mariotte's  law,  it  may  be 
stated  that  the  density  of  a  gas  varies  directly  as  the  pressure 
and  inversely  as  the  volume  ;  that  is,  the  density  increases  as 
the  pressure  increases  and  decreases  as  the  volume  increases. 

Hence,  the  volume  of  gases  changes  with  the  variation  of 
atmospheric  pressure  as  measured  by  the  barometer ;  that  is, 
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the  volume  is  increased  when  the  barometer  falls  and 
decreased  as  the  barometer  rises.  The  normal  pressure  to 
which  it  is  usual  to  refer  gaseous  volumes  is  760  millimeters 
of  mercury. 

If  we  represent  the  volume  of  a  gas  under  a  height  //of 
the  barometer  by  V,  and  under  any  other  height  /i  by  v, 
then,  according  to  the  above  law,  we  obtain  the  proportion 

V:v=/i:  H, 

which  is  expressed  by  the  formula 

v  =  -j-.  (1.) 

Rule. — Multiply  the  given  volume  of  the  gas  by  the  given 
height  of  the  barometer ^  divide  the  product  by  760,  and  the 
quotient  thus  obtained  will  be  the  normal  volume. 

6,  Mariotte's  law  holds  when  the  temperature  of  the 
gas  remains  constant;  if  the  temperature  varies,  for  every 
increase  of  temperature  there  will  be  a  corresponding 
increase  of  volume.  The  law  that  expresses  this  change  is 
called  Gay-Lussac's  Law,  and  may  be  stated  as  follows: 

If  the  pressure  remains  constant,  every  increase  of  temper- 
ature of  1^  produces  in  a  given  quantity  of  gas  an  expansion  of 
7T7  ^f  ^^^  volume  at  0^. 

If  the  pressure  remains  constant,  it  will  also  be  found  that 
every  decrease  of  temperature  of  1°  will  cause  a  decrease  of 
yIj  of  the  volume  at  0°.* 

Let   V  =  original  volume  of  gas; 
z',  =  final  volume  of  gas; 

/    =  temperature  corresponding  to  volume  v\ 
/,  =  temperature  corresponding  to  volume  v^. 


Then,  .,  = .  (;^73  + /.y  ^^^^ 


*The  chemist  uses  the  Centigrade  Ihijrmometer  almost  entirely. 
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Rule. — The  volume  of  gas  after  heating  {or  coo/mg)  equals 
the  original  volume  multiplied  by  27Splus  the  final  tempera- 
ture, divided  by  273  plus  the  original  temperature. 

Example  1. — A  gas  measures  30  c.  c.  at  0° ;  what  will  it  measure 
at  72°  ? 

Solution. — Substituting  in  formula  2  the  proper  values, 

(27S  -4-  72\ 
273      0  )  ^  ^'^•^^^  ^'  ^-     ^"^- 

Example  2. — A  certain  quantity  of  gas  measures  36.6  c.  c.  at  96^; 
what  will  it  measure  at  C  ? 

Solution. — Substituting  in  formula  2  the  proper  values, 
V,  =  36.6  Q^l^l'l^  =  27.08  c.  c.     Ans. 

Example  3. — A  certain  quantity  of  oxygen  measures  560  c.  c.  at  15° ; 
what  will  the  same  quantity  measure  at  95"  ? 

Solution. — Substituting  in  formula  2  the  proper  values,  then 

«/,  =  560(21=3 — Yk)  = '^15-55  c.  c.    Ans. 


CHEMICAL  OPERATIONS. 


DEFINITIONS. 

7.  Allotropy. — When  an  element  occurs  in  two  or 
more  distinct  forms,  it  is  said  to  exhibit  allotropy,  and  the 
less  common  varieties  are  said  to  be  allotropic  forins  of  that 
element. 

8.  Chemical  Separation. — The  chemist  frequently 
finds  in  the  course  of  experiments  that  it  is  necessary  to 
separate  bodies  from  one  another ;  the  processes  used  for  this 
purpose  are  varied,  depending  on  the  nature  of  the  sub- 
stances. As  in  many  future  operations  it  will  be  necessary 
to  use  one  or  more  of  them,  it  is  advisable  that  at  this  stage 
they  should  be  studied.  As  a  rule,  one  of  the  elements  or 
compounds  in  a  mixture. possesses  some  particular  property 
that  the  other  does  not ;  thus,  one  may  be  soluble  in  water 
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and  the  other  insoluble,  which  at  once  affords  a  means  of 
separating  them.  The  principal  methods  of  separation  used 
are  solution^  decantatiofi^  filtration^  crystallisation^  evapora- 
tion, distillation,  sublimation,  and  ignition. 

9*     Solution,   Decantation,  and   Evaporation. — A 

mixture  of  two  bodies,  only  one  of  which  is  soluble  in  water, 
is  separated  by  the  action  of  that  solvent. 

Experiment  1. — Place  a  mixture  of  sand  and  salt  in  a  test  tube,  add 
water,  and  shake  up;  allow  the  sand  to  subside,  then  carefully  pour 
the  clear  solution  from  the  top,  into  a  p)orcelain  basin  (evaporating 
basin)  without  disturbing  the  sediment.  The  process  is  known  as 
decantation. 

Place  a  piece  of  wire  gauze  on  one  of  the  rings  of  the  retort  stand, 
adjusted  at  a  suitable  height  above  the  Bunsen  burner;  put  the  evapo- 
rating basin  containing  the  solution  of  salt  on  the  gauze  and  light  the 
burner,  keeping  the  flame  small;  the  water  will  gradually  evajwrate 
and  crystals  of  salt  will  form.  The  water  has  been  driven  off  by  evap- 
oration, (The  object  of  placing  the  wire  gauze  under  the  basin  is  to 
prevent  the  flame  coming  in  actual  contact  with  and  cracking  it.) 

In  cases  where  both  bodies  are  insoluble  in  water,  some  substance 
must  be  selected  that  acts  on  the  one  and  not  on  the  other. 

Experiment  2. — Place  a  mixture  of  sand  and  finely  powdered  marble 
in  a  test  tube,  add  distilled  water,  and  heat.  Take  out  a  few  drops  of 
the  water  and  evaporate  them  on  a  piece  of  clean  platinum  foil ;  they 
entirely  disappear,  or  only  leave  the  very  slightest  stain  on  the  foil. 
This  is  the  usual  test  employed  to  ascertain  whether  a  solvent  has 
dissolved  anything  or  not.  Decant  off  the  water  and  add  dilute  hydro- 
chloric acid  to  the  mixture;  effervescence  occurs.  When  this  is  over, 
again  take  out  a  few  drops  of  the  liquid  and  evaporate  on  the  foil ;  a 
considerable  residue  will  remain.  The  best  way  to  get  a  few  drops 
out  of  a  test  tube  is  to  put  in  the  end  of  a  glass  tube,  then  close  the 
top  with  the  finger  and  withdraw  it.  On  removing  the  finger,  the 
small  portion  it  contains  runs  out. 

The  separation  in  this  experiment  depends  on  the  fact  that  marble 
is  dissolved  by  hydrochloric  acid,  while  sand  is  not  affected  by  it. 

lO.  Filtration. — Cases  frequently  occur  in  which 
decantation  is  not  advisable  or  practicable  for  the  purpose 
of  separating  a  liquid  and  a  solid;  the  solid,  for  instance, 
may  be  so  finely  divided  that  it  floats  in  the  liquid,  giving  it 
a  muddy  appearance.  Under  such  circumstances  the  chem- 
ist must  resort  \.o  filtration. 
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Experiment  —Take  a  piece  of  filter  paper  (soft  blotting  pajicr  will 
do,  if  yuu  have  nut  the  especially  prepared  filter  paper  at  hand)  about 


Scinches  in  diameter  and  double  it  twice;  then  open  it  into  a  cone, 
taking  lliree  (olds  of  paper 
on  the  one  side  and  one  on 
the  other,  as  shown  in  Fig.  1. 
Place  this  cone  of  pajicr 
in  a  glass  funnel,  which  it 
will  just  fil,  and  moisten  It 
with  water.  Care  must  be 
taken  that  the  point  of  the 
.  folded  filter  does  not  get 
broken.  Then  mix  a  solution 
of  calcium  chloride  with 
some  ammonium  carbonate; 
a  white  precipitate  will  re- 
sult. Pour  the  whole  on  the 
filter,  holding  a  glass  rod  or 
thin  piece  of  glass  tubing 
against  the  lip  of  the  beaker 
or  test  tube  down  which  the 
liquid  runs  (see  Fig.  2) ; 
the  clear  liquid,  known  as 
X\vi  fillriile,  passes  through 
and  is  collected  in  a  bottle 
p,P  3  or   beaker ;    the  precipitate, 

which  consists  of  calcium 
carbonate,  remains  on  the  filter.  Pour  some  clean  water  on  it  for  the 
purpose  of  washing.  After  this  has  drained  off  remove  the  beaker, 
punch  a  hole  through  the  bottom  of  the  filter,  wash  the  precipitate 
into  an  eva]x>rating  basin,  and  dry  it.  The  filtrate  contains  ammo- 
nium chloride,  which  may  be  obtained  by  evaporation. 
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11.  Crystallization. — Where  two  bodies  are  mixed 
together,  both  of  which  are  soluble  in  water,  but  in  different 
degrees,  another  plan  may  be  adopted  for  their  separation. 

Experiment. — Take  a  mixture  of  about  equal  parts  of  potassium 
chlorate  and  potassium  chloride.  Place  some  in  a  test  tube  and  add 
sufficient  water  to  dissolve  the  whole  on  boiling ;  now  allow  the  solu- 
tion to  cool ;  tabular  crystals,  consisting  of  the  less  soluble  potassium 
chlorate,  Avill  separate  out.  When  cold,  filter  these  oflf,  wash  with  cold 
water,  and  dry  at  a  gentle  heat. 

Separation  by  crystallisation  is  a  process  largely  used  for 
manufacturing  purposes  and  is  frequently  met  in  practical 
work. 

1  2.  Distillation, — In  the  experiment  made  by  evapo- 
ration, we  have  only  dealt  with  solids  that  remain  behind, 
but  in  many  cases  it  is  the  liquid  we  wish  to  obtain.     In  the 


Pig.  3. 

laboratory,  where  pnre  water  is  an  essential,  it  is  obtained 
by  the  process  of  distillation,  in  which  the  steam  is  con- 
densed and  collected. 

Experiment. — Take  either  an  ordinary  flask  fitted  with  cork  and 
delivery  tube,  or,  preferably,  a  flask  with  side  tube,  as  shown  at  A  B, 
in  Fig.  3.     Half  fill  it  with  brine  to  which  a  few  drops  of  coloring 
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matter  (ink  will  do  nicely)  have  been  added ;  fix  it  in  the  retort  stand 
and,  as  shown,  connect  the  tube  ^  by  a  cork  to  a  Liebig's  condenser 
C  D.  The  condenser  consists  of  two  glass  tubes,  one  fitting  inside  the 
other;  the  steam  passes  through  the  inner  one,  and,  as  condensed, 
runs  into  the  flask  G^  placed  as  a  receiver.  Through  the  outer  tube  a 
current  of  cold  water  is  passed,  which  rapidly  condenses  the  steam. 
The  pipe  E,  conveying  the  water,  is  attached  to  the  lower  end  of  the 
condenser;  by  pipe  /^the  overflow  water  is  led  to  a  drain  or  into  a  pan 
or  pail  placed  conveniently.  After  some  water  has  collected  in  the 
receiver,  taste  it,  and  observe  that  it  is  perfectly  free  from  salt  and 
coloring  matter. 

A  simple,  home-made  apparatus  is  shown  in  Fig.  4.  It 
consists  of  two  flasks  A  and  C  and  a  piece  of  glass  tubing 
about  18  inches  long,  bent  at  one  end  and  fitted  through  a 


Fig.  4. 


cork  into  flask  A.  To  hasten  condensation,  a  piece  of  wet 
cloth  is  tied  round  the  glass  tubing  B  and  kept  wet  with  cold 
water  as  long  as  the  process  of  distillation  lasts. 

13.  Sublimation. — This  is  a  process  somewhat  analo- 
gous to  distillation ;  it  is,  in  fact,  distillation  of  substances 
that  condense  into  the  solid  instead  of  the  liquid  state. 

Experiment. — Heat  a  small  portion  of  a  mixture  of  sand  and  am- 
monium chloride  in  a  test  tube ;  dense  white  fumes  are  evolved,  which 
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condense  as  a  white  crust  in  the  upper  part  of  the  tube,  the  sand 
remaining  behind. 

Bodies  that  distil  or  sublime  are  called  volatile;  and  those 
that  neither  distil  nor  sublime  are  said  to  be  fixed. 

1 4.  Isnltlon. — Occasionally  the  chemist  makes  use  of 
the  combustibility  of  bodies,  and  burns  them  off  from  others 
that  are  not  combustible. 

Experiment. — Mix  some  sand  and  lampblack,  place  some  of  it  on  a 
piece  of  platinum  foil,  and  keep  at  bright  red  heat  with  the  Bunsen 
burner;  the  lampblack  will  soon  burn  off,  leaving  the  incombustible 
sand  behind. 

It  may  here  be  mentioned  that  when  the  directions  are 
given  to  ignite  a  body,  it  simply  means  that  it  is  to  be 
heated  intensely,  but  it  does  not  always  follow  that  it  will 
burn, 

1 5.  Combustion. — Every  one  is  familiar  with  the  term 
combustion^  which  is  generally  considered  as  an  act  of  burn- 
ing. We  may  now  inquire  a  little  more  closely  into  what 
chemists  understand  by  this  expression.  It  has  been  previ- 
ously mentioned  that  heat  is  always  produced  when  chemical 
combination  occurs.  If,  for  instance,  sulphuric  acid  is  added 
to  water,  a  considerable  elevation  of  temperature  results 
from  the  combination.  This,  of  course,  is  only  one  of  the 
many  cases  that  could  serve  as  an  example,  there  being 
many  others  in  which  the  heat  is  far  more  intense. 

Whenever  the  heat  caused  by  chemical  union  is  sufficiently 
intense  to  raise  the  products  to  a  temperature  at  which  they 
emit  light,  the  act  of  union  is  termed  combustion. 

The  meaning  of  the  term,  however,  has  been  still  further 
widened;  thus,  certain  processes  of  decay  and  also  the 
chemical  changes  that  produce  animal  heat  are  cases  of  com- 
bination with  oxygen.  These  chemical  actions  are  very 
often  termed  instances  of  slow  combustion. 

16.  Destructive  Distillation. — Destructive  distilla- 
tion may  be  defined  as  the  resolution  of  a  complex  substance 
into  simpler  vapors,  gases,  and  liquid  products  under  the 
influence  of  heat,  out  of  contact  with  the  air. 
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17.  Explosion. — When  two  or  more ,  substances,  one 
of  which  is  inflammable  and  the  others  supporters  of  com- 
bustion, are  mixed  and  ignited,  combination  between  these 
bodies  takes  place  with  extreme  rapidity.  The  heat  evolved 
increases  the  pressure  of  the  gases  produced  as  a  result  of 
the  chemical  action,  and  these  give  the  surrounding  air  such 
a  severe  shock  as  to  cause  a  loud  detonation. 

Extremely  rapid  combustion,  attended  with  more  or  less 
noise,  is  termed  explosion  ;  and  the  mixture  that  thus  explodes 
is  called  an  explosive  body. 

1 8*  Inflammable  Bodies  and  Supporters  of  Com- 
bustion.— Chemistry  has  divided  all  bodies  that  take  part 
in  the  act  of  combustion  into  inflammable  bodies  and  sup- 
porters of  combustion.  Thus,  when  hydrogen  burns  in  oxy- 
gen, the  former  is  said  to  be  inflammable,  while  the  latter  is 
said  to  support  the  combustion. 

These  terms,  however,  are  simply  relative.  We  chance 
to  live  in  an  atmosphere  of  which  oxygen  is  the  most  active 
constituent;  when  a  jet  of  hydrogen  is  burned,  what  takes 
place  is  that  at  the  opening  of  the  jet  the  hydrogen  and  the 
oxygen  of  the  air  come  in  contact  and  combination  occurs. 
If  the  atmosphere,  by  chance,  should  consist  of  hydrogen, 
then  that  element  would  be  classified  as  a  supporter  of  com- 
bustion, and  oxygen  and  other  similar  bodies  would  be 
inflammable  substances. 

19.  Nascent  Condition  of  Elements. — The  student 
already  knows  that  the  term  atom  is  applied  to  the  smallest 
particles  of  an  element  and  that  these  elements  unite  to  form 
elemental  molecules.  Now,  we  may  assume  that  some  por- 
tion of  the  energy  that  tends  to  force  these  atoms  to  unite 
with  other  atoms  is  consumed  when  several  atoms  of  the 
same  kind  unite  to  form  an  elemental  molecule;  in  fact,  it 
has  been  found  that  elements  in  the  atomic  state  possess  a 
greater  combining  energy  and  are  more  active  than  the  same 
elements  in  the  form  of  elemental  molecules. 

This  assumption  may  be  proved  to  be  correct  by  the  fol- 
lowing experiment: 


H^SO,     = 

ZnSO^ 

+    %H 

sulphuric 
acid 

zinc 
sulphate 

nascent 
hydrogen 

Fe,a,     = 

%FcCl, 

--h    -IHCI 

ferric 
chloride 

ferrous 
chloride 

hydrochloric 
acid 
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Experiment.  —  Dissolve  some  ferric  chloride,  which  possesses  a 
natural  red  color,  and  allow  hydrogen  to  bubble  up  through  the  solu- 
tion; you  will  see  that  there  is  no  alteration  in  the  appearance  of  the 
ferric  chloride.  Now,  add  some  sulphuric  acid  and  a  few  pieces  of 
zinc,  and  you  will  notice  that  the  color  of  the  ferric  chloride  very 
quickly  disappears. 

The  explanation  is  that  when  sulphuric  acid  and  zinc  were 
added  to  the  ferric-chloride  solution,  hydrogen  atoms  were 
evolved  within  the  solution,  and  the  liberated  atoms,  instead 
of  combining  to  form  hydrogen  molecules,  acted  upon  the 
ferric  chloride  with  considerable  energy.  The  following 
equations  show  the  chemical  changes  that  occur: 

(1)  Zn     + 

zinc 

(2)  1H    + 

nascent 
hydrogen 

The  reducing  power  of  nascent  hydrogen  may  be  more 
strikingly  illustrated  by  substituting  potassium  permanga- 
nate and  hydrochloric  acid  for  ferric  chloride  and  sulphuric 
acid  in  the  above  experiment.  The  nascent  hydrogen  in 
this  case  will  reduce  the  potassium  permanganate  and  thus 
destroy  the  strong  color  it  imparts  to  a  solution. 

An  essential  feature  of  this  type  of  chemical  action  is  that 
it  is  caused  by  an  element  at  the  moment  it  is  liberated  from  a 
compound.  Consequently,  at  the  moment  of  liberation  from 
a  compound,  an  element  is  said  to  be  Jiascent,  (Nascent 
means  *' being  born.")  Most  elements  possess  more  active 
chemical  properties  when  in  the  nascent  state. 

When  elements  are  in  the  molecular  state,  the  force  by 
which  the  atoms  are  held  together  must  be  overcome  before 
they  can  enter  into  fresh  combinations.  When  they  are  in 
the  nascent  condition  no  such  force  has  to  be  overcome,  and 
so  the  atoms  are  able  to  enter  into  combination  with  much 
more  energy,  none  of  their  original  energy  having  previously 
been  absorbed. 

20«  Oxidation. — The  compounds  of  oxygen  with  other 
elements  are  called  oxides,  and  the  act  of  combination  is 
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termed  oxidation.  This  process  is  generally  a  slow  one  and 
its  effects  are  not  immediately  perceptible.  Some  familiar 
examples  are  the  tarnishing  or  rusting  of  metals  exposed  to 
the  air,  the  gradual  decay  of  wood,  the  drying  of  oils  in 
paint,  the  formation  of  vinegar  from  alcohol,  the  respiration 
of  animals,  and  combustion. 

In  all  these  processes  heat  is  generated;  but  it  is  not 
usually  noticed  unless  it  is  sufficient  to  render  the  matter 
luminous,  which,  as  we  have  already  seen,  is  the  case  only 
with  combustion.  The  term  oxidation  is  frequently  used  in 
another  sense.  We  have  seen  that  many  of  the  elements 
have  variable  valence,  and  certain  metals,  on  account  of  this, 
form  two  series  of  salts.  Thus,  iron  forms  ferrous  and  ferric 
salts,  in  which  its  valence  is  apparently  2  and  3,  respectively. 
A  change  from  a  lower  to  a  higher  valence  is  called  oxida- 
tion, although  oxygen  may  not  be  present.  Thus  we  speak 
of  oxidizing  ferrous  chloride  to  ferric  chloride  or  of  changing 
from  a  lower  to  a  higher  state  of  oxidation. 

21.  Oxidizing  Ag^ents. — An  oxidizing  agent  may  be 
defined  as  a  substance  that  causes  an  element  or  compound 
to  combine  with  oxygen  or  with  other  elements  of  similar 
character  or  that  increases  its  valence.  Oxygen  and,  to  a 
greater  degree,  ozone  are  the  most  striking  examples  of 
oxidizing  agents.  If,  for  instance,  metallic  copper  is  heated 
in  a  current  of  oxygen,  the  following  reaction  takes  place: 

%Cu     +     O,     =     2CuO 
copper         oxygen     copper  oxide 

The  following  substances  are  some  of  the  most  frequently 
occurring  oxidizing  agents:  oxjgni,  ozone ^  chlorine^  bromine, 
iodine,  potassiiim  chlorate,  nitric  acid,  hydrogen  peroxide,  and 
sodit4fn  dioxide. 

22.  Reaction  and  Reagent. — The  term  reaction  is 
applied  to  any  chemical  change  that  may  be  produced,  and 
the  substance  applied  to  produce  the  change  is  termed  a 
reagent. 
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23.  Reducing:  Agrents. — The  native  compounds  or 
ores  from  which  metals  are  derived  are  in  many  cases  oxides 
or  sulphides  of  such  metals.  The  process  used  to  obtain 
these  metals  in  a  free  or  uncombined  state  is  known  as  the 
reduction  of  the  ore  to  its  metallic  state.  From  this  fact  a 
redticing  agent  may  be  defined  as  a  substance  that  removes 
oxygen  or  elements  similar  to  it  from  compounds  or 
decreases  the  valence  of  a  substance,  changing  it  from  a 
higher  to  a  lower  state  of  oxidation. 

Owing  to  the  activity  with  which  hydrogen  combines 
with  oxygen,  it  is  one  of  the  most  prominent  and  powerful 
reducing  agents  with  which  we  are  acquainted.  Thus,  if 
hydrogen  is  passed  over  red-hot  copper  oxide  or  iron  oxide, 
the  metal  is  obtained  in  the  free  state,  according  to  the  fol- 
lowing equations: 

(1)  CuO    +    H^     =    Cu     +    Hfi 

^oxide        hydrogen    copper  water 


(2)  Fefi,    +    3^.   =    Fe^    +    ZHfi 

hydrogen       iron  water 


iron 
oxide 


It  may  here  be  mentioned  incidentally  that  in  this  case 
hydrogen,  a  gas  that  may  be  produced  by  the  reducing  action 
of  iron  on  steam,  is  passed  over  copper  oxide,  a  product  of 
the  oxidizing  influence  of  the  oxygen  of  the  air  on  copper. 

The  reaction  of  hydrogen  on  copper  oxide  is  of  great 
importance,  as  in  the  analysis  of  many  compounds  contain- 
ing hydrogen,  the  hydrogen  is  thus  converted  into  water  and 
weighed  as  such.  In  addition  to  these  instances,  in  which  a 
reducing  agent  is  employed  in  order  to  obtain  metals  in  their 
free  state,  there  are  other  examples  of  reduction  in  which 
bodies  are  simply  reduced  to  a  lower  state  of  oxidation. 
Further,  the  same  reducing  agents  are  capable  of  removing, 
in  whole  or  in  part,  as  the  case  may  be,  chlorine  and  other 
similar  elements  from  compounds.  Among  the  most  active 
reducing  agents,  in  addition  to  hydrogen,  are  carbon^  carbon 
monoxide^  stannous  chloride^  and  sulphurous  acid. 
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ACIDIMETRY   AND   ALKALIMETRY. 

24.  Among  the  various  operations  performed  in  analyt- 
ical work,  one  of  the  most  important  series  is  that  dealing 
with  the  estimation  of  the  quantities  of  acid  or  alkali  con- 
tained in  various  substances.  The  general  practice  is  to  add 
to  a  measured  quantity  of  the  substance  an  acid  or  alkali 
solution  of  known  strength  until  the  point  of  7iciitrality  is 
reached.  These  test  solutions  are  added  from  graduated 
vessels,  known  as  burettes^  and  the  neutral  point  is  deter- 
mined by  the  use  of  some  indicating  substance.  The  best 
known  of  these  are  litmus^  methyl-orange^  and  phenol- 
phthalein. 

25.  Litmus. — Litmus  is  a  vegetable  salt  that  is  turned 
red  by  acids  and  has  its  original  blue  color  restored  by 
alkalies. 

26.  Methyl-Orange.' — Methyl-orange  is  used  in  a 
solution  of  alcohol.  In  alkaline  solutions  it  possesses  a  yel- 
low color,  which  changes  to  reddish  pink  with  the  slightest 
excess  of  acid.  Since  methyl-orange  is  not  in  the  least 
affected  by  carbonic  acid,  it  is  of  considerable  value  in  cer- 
tain estimations. 

27.  Phenol-Phthalein.-r-Phenol-phthalein  is  more 
sensitive  than  litmus,  and  in  an  acid  solution  does  not 
produce  a  color,  but  with  the  slightest  excess  of  alkali  an 
intense  magenta  red  is  produced.  Phenol-phthalein  is  red 
in  an  alkali  solution,  but  is  readily  decolorized  by  acid. 
This  makes  it  a  valuable  indicator  in  volumetric  analysis. 
It  is  a  whitish  or  yellowish  crystalline  compound  obtained 
by  treating  phenol,  one  of  the  derivatives  of  benzine,  with 
phthalic  acid,  a  white  crystalline  compound  derived  from 
naphthalene. 

28.  Standard  Solutions. — A  series  of  standard  solu- 
tions is  used  in  acidimetry  and  alkalimetry,  the  solutions  be- 
ing of  a  strength  known  in  the  laboratory  as  normal  solutions. 
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The   normal  acid  solutions  are  so  prepared  that  at  16°  1  liter 
of  the  acid  contains  1  gram  of  replaceable  hydrogen. 

Accordingly,  the  normal  sulphuric -acid  solution  would 
contain 

(2  +  32  +  64) -^  2  =  49  grams  per  liter,  or  .049  gram 
per  c.  c. ;  and  the  normal  hydrochloric -acid  solution  would 
contain 

H+Cl 

1  +  35.37  =  36.37  grams  per  liter,  or  .036  gram  per  c.  c. 

Each  liter  of  the  ?iormal  alkali  solutions  must  contain  the 
chemical  equivalent,  weighed  in  grams,  of  the  hydrogen- 
replacing  metal  or  group  of  elements 

Therefore,  the  normal  sodium-hydrate  solution  must 
contain 

Na  +  H+0 

23  +  1  +  16  =  40  grams  per  liter,  or  .04  gram  per  c.  c. 

(Sodium  and  hydrogen  are  equivalent  to  each  other.) 

The  normal  barium-hydrate  solution  BaHfi^  must 
contain 

Ba  +  H,  +  0, 

(137  +  2  +  32)  -f-  2  =  85.5  grams  per  liter  =  .085  gram 
per  c.  c. 

(The  equivalence  of  barium  is  twice  that  of  hydrogen.) 

29.  Equal  quantities  of  any  normal  acid  and  alkali  solu- 
tion neutralize  each  other;  and  the  quantity  of  any  solution 
of  a  single  acid  or  alkali  that  is  neutralized  by  1  c.  c.  of  a 
normal  solution  contains  .001  gram  of  the  hydrogen  equiva- 
lent of  its  active  constituent. 

The  following  description  of  a  typical  experiment  will 
fully  explain  the  operations  performed: 

Experiment. — The  necessary  equipment  consists  of  some  standard 
normal  solution  of  sulphuric  acid  and  sodium  hydrate,  a  double  burette 
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stand  and  two  burettes,  each  having  a  capacity  of  50  c.  c.  A  burette 
consists  of  a  glass  tube  open  at  the  top  and  drawn  to  a  point  at  the 
bottom,  over  which  is  drawn  a  piece  of  rubber  tube  with  a  small  glass 
dropping  tube  at  the  end  of  it.  A  spring  clip  (pinch  cock)  permits  the 
bottom  of  the  burette  to  be  opened  or  closed  at  will.  The  instrument 
is  graduated,  having  the  zero  at  the  top  and  the  scale  of  figures 

descending.  The  burette  stand, 
with  the  two  burettes,  is 
shown  in  Fig.  5  and  tlie  end 
of  a  burette  in  Fig.  6. 

After  carefully  cleaning  the 
two  burettes  and  allowing  them 
to  drain,  one  is  rinsed  and  sub- 
sequently filled  above  the  zero 
mark  with  normal  acid  solu- 
tion, and  the  other  one  is  rinsed 
and  then  filled  above  the  zero 
marlf  with  normal  sodium- 
hydrate  solution.  The  buttons 
of  the  spring  clip  are  then 
pressed  in  each  case  until  the 
liquid  runs  down  to  the  zero 
mark.  Next  pour  about  60  c.  c. 
of  distilled  water  into  a  clean 
porcelain  basin  about  4  inches 
diameter,  and  run  into  it  from 
the  burette  10  c.  c.  of  normal 
acid  solution.  Then  add  two 
or  three  drops  of.  phenol- 
phthalein  solution  and  notice 
that  there  is  no  color  produced. 
Read  off  the  height  of  the 
soda  (sodium-hydrate)  solution 
and  make  a  note  of  it.  Then, 
without  consulting  the  gradua- 
tions, run  in  the  soda  solution, 
drop  by  drop,  until  one  drop 
imparts  a  red  color  to  the 
solution.  If  now  the  height  of  the  soda  solution  in  the  burette  is 
read  off,  it  will  be  found  that  exactly  10  c.  c.  have  been  used  to  neu- 
tralize the  acid. 

Then  repeat  the  operation,  but  ask  some  one  to  run  an  unknown 
quantity  of  the  acid  into  the  basin.  Test  with  soda  solution,  reading 
off  and  carefully  noting  the  height  of  the  burette  before  the  solution 
is  added  and  again  as  soon  as  the  red  color  is  produced ;  then  compare 
the  quantity  of  the  acid  and  soda  solutions  and  see  whether  they  agree. 


Fig.  6. 
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Make  a  similar  determination  of  alkali  by  working  with  an  unknown 
quantity  and  adding  acid  until  the  color  of  the 
phenol-phthalein  disappears. 

Next  determine  the  percentage  of  sulphuric 
acid  in  a  dilute  solution  of  unknown  strength. 
Take  a  small  beaker,  carefully  wipe  it  dry, 
and  weigh  it.  Pour  into  it  about  10  c.  c.  of  the 
dilute  acid  and  weigh  it  again  carefully.  Next 
add  some  distilled  water  and  two  or  three  drops 
of  phenol-phthalein,  titrate  with  normal  sodium- 
hydrate  solution,  and  calculate  the  percentage 
of  acid  present.  (The  verb  titrate  means  to 
measure  by  means  of  solutions  of  known 
strength,  such  as  are  here  employed.) 

The  percentage  of  sodium  hydrate  is  deter- 
mined in  a  similar  manner  in  a  dilute  solution 
of  unknown  strength,  titrating  with  normal 
sulphuric  acid. 

To  determine  the  percentage  of  sodium  car- 
bonate in  a  sample  of  common  washing  soda, 
weigh  2  grams  of  the  soda  and  dissolve  it  in 
50  c.  c.  of  distilled  water  in  a  small  beaker ;  add 
two  or  three  drops  of  methyl-orange  and  titrate 
with  normal  acid  until  the  yellow  tint  changes 
to  red.  With  each  addition  of  acid  there  is  an 
effervescence  of  carbon  dioxide,  which,  how- 
ever, does  not  interfere  with  the  estimation.  pj^  ^ 

30.  These  calculations  are  best  illustrated  by  means  of 
analogous  calculations.  The  following  are  results  actually 
obtained  for  this  purpose: 


DBTBRMINATION  OF  SULPHURIC  ACID. 

Weight  of  beaker  and  acid 41 .  92  grams. 

Weight  of  dry  beaker 30.23  grams. 

Weight  of  acid 11 .  69  grams. 

Final  reading  of  burette 25 . 9  c.  c. 

First  reading  of  burette 8.4  c.  c. 

Normal  solution  used 17.5  c.  c. 

N.  M.    II.— 14 
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Normal  acid  and  soda  are  equivalent  to  each  other,  and 
therefore  11.69  grams  of  the  acid  solution  to  be  tested  con- 
tains sulphuric  acid  equal  to  the  quantity  in  17.5  c.  c.  of 
standard  acid ;  that  is, 

17.5  X  .049  =  .8575  gram. 

.8575 -=- 11.69  =  .0733;    therefore,    the     solution     contains 
7.33  per  cent,  of  sulphuric  acid. 


DBTBRMINATION  OF  SODIUM  CARBONATE. 

Weight  of  washing  soda 2.03  grams. 

Final  reading  of  burette 43.3  c.  c. 

First  reading  of  burette 31 . 1  c.  c. 

Acid  used  for  neutralization . .   12 . 2  c.  c. 

It  is  first  necessary  to  decide  what  quantity  of  sodium 
carbonate  is  equivalent  to  the  normal  solution  of  sulphuric 
acid.  The  following  are  the  formulas  and  molecular  weights 
of  anhydrous  and  crystallized  carbonates,  respectively : 

Na^CO, 

46  +  1'^  +  48  =  106,  molecular  weight  of  anhydrous  sodium 
carbonates. 

46  +  12  +  48  +  10(2  +  16)  =  286,  molecular  weight  of  crys- 
tallized sodium  carbonate. 

As  the  molecule  contains  twice  the  sodium  equivalent,  it 
is  evident  that  half  of  these  quantities — namely,  53  grams 
per  liter  of  the  anhydrous  and  143  grams  for  the  crystal- 
lized carbonates — are  the  strengths  for  normal  solutions 
equivalent  to  those  of  other  acids  and  alkalies.  From  this  it 
follows  that  the  values  for  cubic  centimeters  are,  respectively, 
.053  and.  143  gram.  The  acid  taken  for  neutralization  is, 
therefore,  equivalent  to 
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VZ.H  X  .053  =  .447  gram  of  Na^CO, 

12.2  X  .143  =  1.745  grams  of  NajCO^,  \^Hp 

From  these  percentages  are  readily  obtained 

As  2.03  :  100  =  .447  :  22.02  per  cent,  of  A\CO^  in  sample. 
As  2.03  :  100  =  1.745  :  85.96  per  cent,  of  NajOO^,  10//, (9  in 
sample. 

Further,  100  —  85.96  =  14.04  per  cent,  of  water  and  other 
impurities. 

(A  purposely  contaminated  sample  had  been  used.) 


LABORATORY  DIRECTIONS    AND   PRACTICAL 

HINTS, 

31.  Several  of  the  experiments  described,  although 
illustrating  only  simple  facts,  require  some  skill  and  experi- 
ence in  chemical  manipulations  for  their  successful  perform- 
ance, and  the  student  will  probably  be  content  with  carefully 
studying  them  and  grasping  the  lesson  that  they  convey.  It 
should,  however,  be  mentioned  that  experimenting  is  an 
essential  to  the  study  of  chemical  science,  and  we  advise  the 
student  to  try  to  perform  as  many  of  the  experiments  given 
as  possible. 

The  student  will,  after  a  few  unsuccessful  trials,  soon  gain 
some  experience ;  he  should,  however,  always  remember  that 
^* patience  diVid  carefulness*' diVQ  indispensable  to  the  make-up 
of  a  good  chemist. 

If  you  are  not  successful  with  an  experiment,  try  again 
and  again  until  you  succeed. 

The  study  of  chemistry  can  be  facilitated  and  the  reader 
be  better  able  to  memorize  the  subject  if  he  provides  him- 
self with  a  number  of  chemical  reagents  and  some  simple 
chemical  apparatus,  for  the  purpose  of  testing  some  of  the 
reactions.     These  can  be  obtained  at  a  moderate  price. 

32.  List  of  apparatus  for  the  performance  of  experi- 
ments : 
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1   Bunsen   Burner,   with  3-foot 
Tubing. 

1  Nest  of  3  Beakers,  Nos.  1-3. 
3  Flasks,  4,  8,  and  16  oz. 

2  Wide-Mouth  Bottles,  i  gal. 
i  lb.  Glass  Tubing. 

1  Thistle  Funnel,  12  in. 

1  Glass  Funnel,  2  in. 

1  Tubulated  Retort,  4  oz. 

1  Receiver,  Plain,  4  oz. 

6  Test  Tubes,  5  in.  X  f  in. 

1  Stand. 

1  Safety  Tube,  with  Thistle  Top. 

3  Porcelain  Dishes,  3^  in.  X  4^  in. 
1  Mortar  and  Pestle,  3^  in. 

1  Square  Glass  Plate,  4  in. 
1  Mohr's  Pinch  Cock. 
1  Pan,  Agate  Iron,  8  in. 
1  Beehive  Shelf. 
1  Iron  Retort  Stand,  2  rings. 
1  Clamp,  Small  Universal  Move- 
ment. 
1  Iron  Tripod. 
1  Balance,  sensitive  to  ^  gr.(lmg.) 

1  Set  Weights,  50  g.  to  1  mg. 

2  Burettes,   50  c.  c,   with   Glass 

Stop-Cock. 
1  Iron  Triangle. 


1  Pair  Forceps,  5  in. 
1  Iron  Triangle  with  Clay  Tubes. 
1  Shallow  Iron  Sand  Bath,  4  in. 
1  Brass  Blowpipe  with  Bulb,  8  in. 
1  Piece  of  Charcoal. 

1  Piece  Platinum  Wire. 

2  Pieces  Wire  Gauze,  4  in. 

1  doz.  Corks,  Assorted. 

2  feet  Rubber  Tubing,  yV  in. 

1  Deflagrating  Spoon. 

2  Sheets    Red  and   Blue  Litmus 

Paper. 
Platinum  Foil,  1  in.  X  2  in.  X  tAv 

in.  thick. 
1  Woulff  Bottle.  3  necks,  8  oz. 
1  French-Clay  Crucible,  No.  4. 
1  Wrought-Nickel  Crucible,  20c.c. 
1  Measuring  Cylinder,  25  c.  c. 
1  Graduated  Test  Tube,  5  c.  c. 
1  Stirring  Rod. 

1  Piece  Blue  Glass. 

2  U  Tubes,  6  in. 

1  Pkg.  J.  H.  Munkteirs  No.  0  Fil- 
ters, 9  cm. 

1  Pipette,  1  c.  c. 

1  Pipette,  5  c.  c. 

1  Thermometer,  graduated  to 
200°  C. 


33.  The  room  chosen  for  a  laboratory  should  be  high, 
well  lighted,  and  ventilated.  It  should  contain  a  working 
bench  or  long  table  of  hard  and  durable  wood,  some  shelves 
for  bottles  and  apparatus,  gas  for  heating  and  lighting,  and 
should,  if  possible,  be  close  to  a  sink  and  water  supply. 

The  student  should,  in  the  first  place,  make  himself  famil- 
iar with  the  names  and  uses  of  his  apparatus.  The  bottles 
and  jars  containing  chemicals,  all  properly  labeled,  should  be 
so  placed  that  they  are  easily  accessible.  They  should  never 
be  removed  from  or  allowed  to  stand  around  on  the  working 
bench;  the  quantity  required  should  be  taken  in  a  flask  or 
test  tube  and  the  bottle  should  be  immediately  restored  to 
its  proper  place.  A  strict  adherence  to  this  rule  will  prevent 
the  loss  of  time  that  otherwise  would  be  spent  in  hunting 
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all  over  the  place  for  the  desired  substance  and  will  save 
confusion. 

In  getting  the  chemicals  for  an  experiment,  be  sure  that 
the  right  ones  are  taken ;  see  that  concentrated  acids  are  not 
employed  where  dilute  acid  should  be  used  and  never  use 
c.  p.  (chemically  pure)  substances  when  the  commercial 
ones  will  answer.  Do  not  allow  stoppers  or  corks  to  lie 
about  or  get  mixed  up.  Take  no  more  of  the  substance 
than  you  require,  but  if  you  happen  to  have  an  excess,  do 
not  return  it  to  the  bottle.  It  is  better  to  pour  it  away,  as 
the  greatest  confusion  has  been  caused  by  chemicals  being 
replaced  in  the  wrong  bottles. 

When  directions  are  given  that  substances  should  be 
mixed,  solid  bodies  are  first  to  be  powdered  in  a  mortar 
and  then  stirred  together  until  the  mixture  is  as  uniform  as 
possible. 

Heat  is  applied  by  means  of  the  Bunsen  burner,  and  in 
heating  test  tubes,  the  heat  should  be  applied  gently  at  first, 
with  a  constant  rotary  motion  of  the  tube,  or,  if  the  tube  is 
fixed,  of  the  burner. 

If  heating  a  liquid,  never  let  the  flame  play  on  the 
part  of  the  tube  above  the  surface  of  the  liquid.  When  a 
solid  is  heated,  if  any  moisture  happens  to  be  present, 
it  condenses  in  the  upper  and  cooler  parts  of  the  tube; 
when  there  is  the  slightest  sign  of  this,  hold  the  tube 
almost  horizontal,  but  with  the  hot  part  rather  higher; 
this  prevents  the  condensed  water  from  running  back  on 
the  hot  glass. 

A  record  book  should  be  kept,  in  which  every  experi- 
ment, every  change  noticed,  and  the  results  obtained  should 
be  entered.      This  applies  particularly  to  ivcighing. 

After  you  have  finished  your  laboratory  work,  carefully 
wash  all  the  apparatus  used  and  wipe  with  a  dry  cloth  any 
water  from  the  retort  stand  or  other  apparatus  that  might 
rust. 

Never  use  a  piece  of  apparatus  until  you  have  carefully 
dusted  it  and  have  convinced  yourself  that  it  is  perfectly 
clean. 
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34.  The    Bunsen    Burner.  —  The    Bunsen    burner, 

shown  in  Fig.  7,  is  named  after  its  inventor.  It  consists  of  a 
gas  tube  a,  which  projects 
part  way  into  a  large 
tube  b,  called  the  mixing 
tube.  Air  is  admitted 
through  holes  c,  which  are 
closed  or  regulated  by 
means  of  the  collar  or 
slide  (/,  The  gas  issuing 
from  a  and  the  streams  of 
air  from  the  holes  c  mingle 
in  the  upper  part  of  the 
tube  b  and  form  a  mixture 
that  will  burn  over  the 
mouth  of  the  tube.  Before 
lighting  the  burner,  see 
that  the  holes  rat  the  bot- 
tom are  open.  The  flame- 
should  be  non-luminous; 
if  smoky,  it  is  a  sign  that 
the  gas  is  burning  at  the 
lower  end  of  the  tube  of 
the  burner,  and  it  must 
be  extinguished  and  .re- 
lighted. This  catching  fire  at  the  bottom  is  the  result  of 
the  entrance  of  an  excess  of  air ;  the  remedy  is  to  turn  on  more 
gas  or  partly  close  the  air  holes  by  adjusting  the  slide  so  as 
to  restrict  the  air  supply. 

35.  Glast*. — Glass  is  indispensable  to  the  chemist  on 
account  of  its  transparency,  the  case  with  which  it  can  be 
worked  in  any  shape  when  hot  and  plastic,  and  its  not 
being  attacked  by  most  chemicals.  Its  disadvantage  is 
its  brittleness.  It  is  particularly  liable  to  break  on  heat- 
ing; being  a  bad  conductor  of  heat,  one  part  of  the  glass 
expands  on  being  heated  before  the  neighboring  i>arts 
become  warm. 
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When  boiling  water  or  any  other  liquid  in  a  glass  vessel, 
use  a  tripod  and  put  a  piece  of  wire  gauze  between 
the  vessel  and  the  flame.  The  gauze  distributes  the  heat 
over  the  bottom  of  the  vessel,  and  the  liquid  can  be  heated 
until  it  boils  without  accident,  i.  e.,  without  cracking  the 
glass.  Or,  place  some  fine  sand  in  an  iron  tray;  put  the 
tray  upon  the  tripod  stand  and  place  the  glass  vessel  upon 
the  sand.  The  heat  is  distributed  by  the  sand,  and  the  glass 
vessel  can  be  heated  safely.  The  tray  containing  the  sand 
is  known  in  the  laboratory  as  a  sand  bath. 

36.  To  Cut  Glass  Tubes. — It  will  generally  be  pos- 
sible for  the  student  to  fit  up  the  apparatus  required  for  his 
experiments,  and  he  will  frequently  have  to  cut  apiece  of 
glass  tubing  to  a  desired  length.  This  is  done  very  easily. 
Take  a  sharp  file  and  make  a  nick  in  the  glass  tube;  then 


hold  the  tube  in  both  hands;  the  two  forefingers  should  be 
together  immediately  under  the  nick,  the  two  thumbs  above. 
Turn  the  wrists  outwards  and  downwards,  around  the 
forefingers,  as  axes,  at  the  same  time  pulling  the  hands  apart 
(see  Pig.  8). 

37.  To  Bend  Glass  Tublne- — Hold  a  piece  of  glass 
tubing  lengthwise  along  a  flat  gas  flame  {fishtail  or  batswing. 
not  the  Biinsen  flame),  as  shown  in  Fig.  9.  Keep  it  moving 
slowly  round  and  round  and  also  to  and  fro.     As  soon  as  it 
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feels  slightly  soft,  hold  it  by  one  hand  and  cease  rotating  it. 
The  free  end  will  gradually  fall  (Fig.  10).  As  soon  as  it  is 
bent  to  the  desired  angle  remove  it  from  the  flame.  This 
method  is  most  frequently  used,  but  as  it  is  likely  to  cause 


Fig.  9. 


Fig.  10. 


the  glass  to  bunch  at  the  bend  and  to  partially  close  the  tube, 
it  is  better  to  hold  the  tube  by  both  ends  and  bend  them 
upwards  as  soon  as  the  glass  softens.  A  smooth,  uniform 
bend  is  thus  obtained. 

38.  Mistakes  to  Avoid  in  Bending:  Glass.— (1)  Hold 
a  piece  of  glass  tubing  across  the  Bunsen-burner  flame.  It 
becomes  hot  in  two  places.  When  soft  bend  it.  The  glass 
will  be  found  creased  at  the  bend.  (2)  Hold  a  piece  of  glass 
tubing  across  an  ordinary  flat  gas  flame.  The  tube  is 
heated  this  time  in  one  place.  Bend  it.  The  tube  is  flat- 
tened on  the  outside  of  the  bend  and  thickened  on  the 
inside. 


39.     To   Round  the  Ends  of  Glass  Tubing. — The 

sharp  edges  left  at  the  ends  of  the  glass  tube  must  always  be 
carefully  rounded,  otherwise  the  tubes  will  not  slide  easily 
through  corks  and  are  apt  to  cut  any  rubber  tubes  that 
are  slipped  over  them.  The  ends  may  be  rounded  by 
{a)  grinding  the  sharp  edge  on  a  file  or  on  a  stone, 
or  (d)  by  holding  the  end  in  a  flame  until  the  glass  just 
melts  at  its  edges. 
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40.  To  Draw  Out  Glass  Tubing.— 1.  Holding  a 
piece  of  glass  tube  in  both  hands,  heat  it  at  one  place  in  the 
Bunsen  flame.  When  soft  remove  it  from  the  flame  and 
pull.     The  tube  is  drawn  a  little  as  at  /i,  Fig.  11.     At  B  it 


Fio.  11.  Fig.  12. 

is  pulled  out  much  finer,  because  it  happens  to  be  hotter, 
and  it  has  broken  there  because  the  pull  was  too  hard.  The 
lump  C  was  in  the  cooler  portion  of  the  flame  and  never 
became  properly  heated. 

2.  Heat  another  tube  in  a  flat  flame,  holding  it  lengthwise 
and  turning  it  slowly  round  and  round.  Pull  the  two  ends 
apart ;  there  is  no  lump,  because  the  tube  was  heated  evenly, 
but  the  finely  drawn  out  tube  has  softened  at  once  and 
bends  down,  as  shown  in  Fig.  12. 

3.  Heat  another  tube  as  in  Experiment  2  until  the  tube 
feels  limp  in  the  fingers.  Remove  it  from  the  flame.  Draw 
slowly  at  first,  then  more  quickly,  gently  rotating  each  end, 
until  the  hands  are  wide  apart.  Hold  rigidly  for  a  few  sec- 
onds until  the  glass 
stiffens.  The  glass 
tube  is  now  drawn  out,  ^^^'  *^- 

perhaps  a  yard  long,  and  has  the  appearance  shown  in 
Fig.  13.  Cut  the  tube  lightly  with  a  sharp  file  at  A  and  />, 
and  notice  how  elastic  the  section  A  B  \%\  it  can  be  bent 
nearly  to  a  circle. 

41  •  Rubber  tubing  sometimes  becomes  stiff  when  not  in 
use.  Warm  gently  and  pull  it  about  before  use;  it  soon 
softens.  If  a  rubber  tube  is  too  wide  for  a  glass  tube,  it  can 
be  made  to  fit  by  doubling  it  back  on  itself. 

42.  Pipettes. — Liquids  are  measured  by  the  flasks  and 
measuring  jars  that  contain  them;  it  is  extremely  useful, 
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however,  to  have  vessels  that  will  measure  out  or  deliver 

accurately  a  definite  small  volume  of  liquid. 

A  pipette  is  a  glass  tube  open  at  both  ends, 
upon  which  a  cylindrical  bulb  has  been  blown 
(see  Fig.  14).  There  is  a  circular  mark  upon  the 
stem.  When  filled  with  liquid  up  to  the  mark, 
the  pipette  will  deliver  exactly  that  volume 
which  is  marked  upon  it. 


43.  How  to  Use  a  Pipette. — Place  the 
pointed  end  of  the  pipette  in  water.  Suck  the 
water  up  until  it  is  above  the  mark.  Quickly 
close  the  end  with  the  moist  forefinger.  Press- 
ing gently,  rotate  the  pipette  so  that  the  water 
very  slowly  flows  out  until  the  water  level 
reaches  the  mark.  Then  press  lightly ;  the  flow 
ceases.  Transfer  the  pipette  to  a  beaker, 
remove  the  finger,  and  let  the  liquid  flow  out. 
As  soon  as  the  pipette  appears  to  be  empty, 
let  it  drain  for  a  few  seconds  with  the  tip  just 
below  the  surface  of  the  water  in  the  beaker. 
The  drop  of  water  that  is  still  in  the  pipette  is 
left  and  is  not  blown  out. 


II 


Fig.  14. 


44.  Burettes. — An  ordinary  burette  has  already  been 
described,  but  a  few  practical  hints  may  be  useful  to  the 
student. 

If  the  figures  and  graduation  on  a  burette  are  not  easy  to 
read,  they  may  be  made  more  distinct  by  rubbing  them  over 
with  a  blue  pencil. 

The  surface  of  a  liquid  is  curved,  and  the  curve  is  called 
a  meniscus;  it  is  always  the  lowest  point  of  the  meniscus  that 
is  measured.     Note  the  following  points: 

The  eye  must  be  on  the  same  level  as  the  curve,  otherwise 
the  curve  is  seen  displaced  above  or  below  the  true  position, 
an  effect  known  as  parallax.  •  A  level  position  is  obtained 
by  looking  straight  past  the  burette  at  some  point  known  to 
be  level  with  the  eye,  or  by  looking  past  the  curve  at  its 
image  in  a  looking  glass^ 
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The  extreme  edge,  or  lowest  position,  of  the  meniscus  is, 
however,  sometimes  hard  to  see,  but  it  can  easily  be  made 
clear.  If  the  background  is  bright,  the  meniscus  is  made 
dark  by  holding  a  dark  object  just  behind  and  below  the  sur- 
face. The  blackened  edge  of  a  card  slipped  over  the  burette 
tube  answers  admirably.  At  night,  however,  when  the  back- 
ground is  dark,  a  light  is  put  on  the  working  table  or  a  bench 
below  to  illuminate  the  meniscus. 


BLOWPIPING. 


CONSTITUTION    OF  MATTER. 

1.  It  is  eminently  necessary  that  the  student  shall, 
before  taking  up  the  subject  of  Blowpiping,  have  some 
knowledge  of  the  fundamental  principles  of  Chemistry,  and 
for  that  reason  we  will  here  briefly  state  for  his  benefit 
those  which  we  deem  most  essential. 


CHEMICAL  ELEMENTS. 

2«  A  diemical  element  is  a  substance  which  can  not 
be  decomposed  or  divided  into  simpler  substances  by  any 
known  process.  That  is,  a  chemical  element  is  the  simplest, 
or  ultimate,  form  of  matter.  There  are  at  present  (1898) 
seventy-four  recognized  elements,  or  substances  that  are, 
as  far  as  we  know,  elementary.  There  is  no  good  reason  to 
suppose,  however,  that  these  known  elements  comprise  all 
the  elementary  substances  in  existence ;  in  fact,  the  supposi- 
tion is  rather  to  the  contrary.  New  elements  have  been 
discovered  from  time  to  time  in  the  past,  the  year  1894 
witnessing  the  discovery  of  two — argon^  a  gaseous  element 
closely  resembling  nitrogen,  and  helium^  an  element  allied 
to  uranium — and  there  are  various  scientific  reasons  for 
believing  that  there  is  still  quite  a  number  of  undiscovered 
elements  waiting  for  genius  or  accident  to  disclose  them  to 
the  world. 

It  is  quite  possible  that  some  of  the  substances  which  we 
consider  elementary,  and  place  in  the  list  of  elements,  are 
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in   reality  compounds   of  two  or  more  still  unknown  ele- 
ments. 

3.  The  elements  may  be  divided,  like  all  other  matter, 
into  gaseous,  liquid,  and  solid  classes,  according  to  their 
physical  state  at  ordinary  conditions  of  pressure  and  temper- 
ature. 

The  gaseous  elements  are  hydrogen,  oxygen,  nitrogen, 
argon,  chlorine,  and  fluorine.  The  first  three  were  for- 
merly called  fixed  gases ^  as  they  were  supposed  to  remain 
in  the  gaseous  state  under  all  conditions,  but  in  the  last  few 
years  all  of  them,  even  hydrogen,  the  lightest,  have  been 
reduced  to  the  form  of  liquids  by  the  use  of  enormous 
pressures  and  very  low  temperatures,  so  that  the  term  has 
lost  its  significance  and  is  rapidly  falling  into  disuse. 

Only  two  of  the  known  elements — bromine  and  mercury 
(quicksilver) — belong  to  the  liquid  class,  and  the  former  is 
very  volatile  and  must  be  kept  air-tight  or  it  will  rapidly 
evaporate  at  ordinary  temperatures.  The  rest  of  the  known 
elements  are  all  solids  under  ordinary  conditions. 

4.  The  solid  elements  may  be  further  classified  as 
metallic  and  non-metallic y  according  to  physical  peculiarities. 
Carbon,  phosphorus,  arsenic,  sulphur,  boron,  tellurium, 
selenium,  iodine,  and  silicon  rank  as  the  non-metallic  ele- 
ments, while  the  rest  of  the  solid  elements  are  considered 
metallic.     Mercury,  also,  is  classed  as  a  metallic  element. 

5.  The  various  elements  combine  among  themselves  to 
form  chemical  compounds,  and  the  elements  and  their  com- 
pounds constitute  all  the  matter  of  the  universe.  By  far 
the  greater  portion  of  the  elements  occur  in  nature  only  in 
combination,  and  of  those  that  do  occur  in  the  elementary 
form,  in  the  case  of  only  a  few — such  as  gold  and  platinum 
among  the  solids,  and  nitrogen  among  the  gases — is  this 
form  the  usual  one ;  and,  so  far  as  is  known,  no  element 
occurs  invariably  uncombined,  or  native.  The  combination 
of  elements  is  discussed  more  at  length  in  Arts.  1 1  to  24, 
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ATOMS   AND   MOL.BCULB8. 

6.  A  molecule  of  any  substance  is  the  smallest  portion 
of  that  substance  that  can  exist  independently  and  still 
preserve  its  identity.  That  is,  if  any  attempt  is  made  to 
still  further  subdivide  the  substance,  the  resultant  parts 
will  no  longer  be  of  the  same  character  as  the  original  sub- 
stance. Molecules  are  in  turn  made  up  of  still  smaller 
masses  of  one  or  more  chemical  elements^  called  atoms. 

7.  An  atom  is  the  smallest  portion  of  an  element.  With 
a  few  exceptions,  atoms  exist  only  in  combination  with  other 
atoms  of  the  same  or  other  elements,  as  a  constituent  of  a 
molecule.  (The  molecules  of  mercury,  zinc,  and  cadmium 
contain  only  one  atom  each.) 

To  illustrate  the  relation  between  molecules  and  atoms, 
we  may  draw  a  comparison  between  a  molecule  of  any  sub- 
stance and  some  familiar  compound,  say  gunpowder.  We 
will  consider  a  grain  of  gunpowder  as  representing  a  mole- 
cule. Now,  this  grain  of  powder  has  certain  well-defined 
characteristics,  but  if  we  give  it  sufficient  heat  it  will  at 
once  explode,  breaking  up  into  gas  and  a  certain  amount  of 
solid  residue,  and  neither  the  gas  nor  the  residue  resembles 
the  original  gunpowder  in  the  least ;  but,  nevertheless,  they 
were  both  constituents  of  the  grain,  and  helped  to  give  it  its 
character;  and  to  this  extent  they  bear  the  same  relation 
to  the  grains  of  gunpowder  as  the  constituent  atoms  of  a 
molecule  do  to  the  molecule. 

8.  Atomic  liVeistit. — As  an  atom  is  a  portion  of  an 
element,  there  must,  of  course,  be  as  many  different  kinds 
of  atoms  as  there  are  of  elements;  and  as  the  elements 
themselves  are  not  all  of  the  same  density,  the  weights  of  the 
atoms  also  are  variable.  Atoms  are  infinitesimal,  and  mil- 
lions of  them  are  necessary  to  make  a  particle  that  is  visible 
to  the  eye;  so,  of  course,  it  is  impossible  to  obtain  Wi^ actual 
weight  of  a  single  atom.  The  relative  weights  of  the  atoms 
of  the  known  elements  have  been  determined,  however, 
within  very  close  limits.  The  atomic  i?vei8:tit  (also  known 
as  the  combining:  ^weistit)  of  an  element  is  the  ratio  of  the 
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weight  of  an  atom  of  that  element  to  the  weight  of  an  atom 
of  hydrogen.  Hydrogen,  being  the  lightest  known  element, 
is  taken  as  the  standard  for  determining  atomic  weights, 
and  the  weight  of  its  atom  is  considered  as  unity,  or  1. 

9.  Molecular  liVeislit. — The  weight  of  a  molecule  of 
any  substance,  either  elementary  or  compound,  is,  of  course, 
equal  to  the  sum  of  the  weights  of  the  atoms  composing  it; 
therefore  the  molecular  i?velslit  of  the  substance  is  the  sum 
of  the  atomic  weights  of  all  the  elements  composing  it,  each 
multiplied  by  the  number  of  atoms  of  that  element  in  a 
molecule  of  the  substance.  Elements  have  both  atomic  and 
molecular  weight,  the  latter  being  usually  either  two,  or 
some  simple  multiple  of  two,  times  the  former,  as,  with 
only  a  few  exceptions  (see  Art.  7),  a  molecule  contains  at 
least  two  atoms;  but  compounds  can  have  only  molecular 
weight,  as  they  immediately  lose  their  identity  as  com- 
pounds if  they  are  broken  up  into  their  elements. 


SYMBOLS. 

10«  For  convenience  in  writing  chemical  formulas  and 
equations,  the  various  elements  may  be  represented  by  their 
chemical  symbols.  These  symbols  are  merely  the  initials  or 
an  abbreviation  of  the  name  of  the  element,  either  English 
or  Latin.  Table  I  gives  a  list  of  the  known  elements,  and 
opposite  each  element  is  its  chemical  symbol  and  atomic  or 
combining  weight.  The  non-metallic  elements  in  the  table 
are  printed  in  lieavy  type. 


FORMATION    OF   CHEMICAL   COMPOUNDS. 


CHBMICAL  FORMULAS  AND  EQUATIONS. 

11.  To  save  the  time  and  trouble  of  writing  out  in  full 
the  names  of  compounds,  and  to  facilitate  chemical  calcula- 
tions, a  system  of  chemical  notation  has  been  devised  in 
which  the  various  elements  are  represented  by  their  symbols, 
and  their  relative  proportions  by  subscripts  and  coefficients. 
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Aluminum... 
Antimony 

(stibium) 

Arjcon 

Aretenlc 

Barium 

Bismuth 

Boron — 

Bromine 

Cadmium 

Caesium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Copper  (cuprum). 

Erbium 

Fluorine 

Gadolinium..    . . 

Gallium 

Germanium 

Glucinum 

Gold  (aurum).... 
Helium.  .  . 
Hydrogen..   . 

Iodine 

Iridium 

Iron  (ferrum).. .. 

Lanthanum 

Lead  (plumbum). 

Lithium 

Magnesium 

Manganese 

Mercury 

(hydrargyrum) 


Al 

26.91 

S6 

119-50 

A 

74-14 

136-39 

Bi 

B 

Br 

79- 3-1 

Cs 

39-76 

C 

Ce 

35-18 

Cr 

Co 

165.06 

F 

18.91 

155-57 

G 

69.38 

G(Gl; 

tJ.OI 

195-74 

He 

H 

I 

.2..  89 

191.66 

Fe 

55.60 

205.36 

6.97 

■'V 

24- 57 

54-57 

Ih' 

198.49 

Molybdenum 

Neodymium 

Nickel 

Niobium 

Nitrogen 

Osmium 

Oxyiren 

Palladium 

Phosphorus 

Platinum 

Potassium  (kalium). . 

Proseodymium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon  

Silver  (argentum). . , 
Sodium  (natrium) — 

Strontium... 

Sulphur 

TanUlum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin  (stannum). 

Titanium 

Tungsten  (wolfram). 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc  

Zirconium 


if. 


149-13 

43-78 
78.58 
3S.i9 


86.95 
31.83 
1S1.45 


169.40 
118.15 

47-79 
183.43 
237-77 

50.99 
171,88 

88-35 

64.91 


Note.— -The  elements  Neodymium  and  Proseodymium  always  occur 
together,  and  so  they  are  called  Uidymium  in  the  tables  on  blowpipe 
reactions. 
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12«  Subscripts. — Subscripts  are  small  figures  placed 
after  and  slightly  below  the  symbols  of  the  different  ele- 
ments of  a  compound,  to  indicate  the  proportion  (by  volume) 
of  each  present,  or  the  number  of  atoms  of  each  in  a  mole- 
cule of  the  compound.  Thus,  H^SO^,  the  formula  for  sul- 
phuric acid,  indicates  that  the  acid  is  made  up  of  hydrogen, 
sulphur,  and  oxygen,  in  the  proportion  of  %  parts  (by  volume) 
of  hydrogen,  1  of  sulphur  (when  no  subscript  is  given,  the 
subscript  1  is  understood),  and  4  of  oxygen;  or,  that  a  mole- 
cule of  H^SO^  is  made  up  of  2  atoms  of  //,  1  of  5,  and  4  of  O, 
The  formula  of  water  {H^O)  tells  the  observer  at  once 
that  water  is  two-thirds  hydrogen  and  one-third  oxygen,  by 
volume.  The  advantages  of  such  a  system  of  notation  are 
obvious.  In  reading  formulas,  the  subscripts  are  read,  as 
they  are  written,  after  the  symbol  of  the  element  they 
modify;  thus,  H^SO^  is  read  **//two,  5,  O  four." 

13.  If  a  parenthesis  is  placed  around  the  symbols  of  a 
group  of  elements,  and  a  subscript  written  after  the  paren- 
thesis, the  subscript  multiplies  everything  within  the  paren- 
thesis. Thus,  Fe^{SO^^  (sesquisulphate  of  iron)  might  also 
be  written  -F^^S^O^^,  but  the  group  of  elements  SO^  is 
characteristic  of  the  sulphates,  and  acts,  in  replacing  and 
being  replaced  by  other  elements,  like  a  single  element,  and 
hence  is  written  in  parenthesis,  with  a  subscript  correspond- 
ing to  the  subscript  of  a  single  element  whose  place  it  fills. 
By  so  doing,  compounds  can  be  assigned  to  their  proper 
class — sulphates,  hydrates,  etc. — at  a  glance;  while  the 
other  method,  removing  the  parenthesis  and  multiplying  the 
various  subscripts,  would  lead  to  considerable  confusion. 

A  radical  is  a  group  of  elements  (characteristic  of  a  class 
of  compounds)  which  acts  like  a  single  element  in  replacing 
or  being  replaced  by  elements  or  in  combining  with  other 
radicals.  As  a  rule,  radicals  can  not  exist  by  themselves,  as 
the  atoms  of  the  elements  composing  them  are  not  com- 
bined in  such  proportions  as  to  form  stable  molecules,  and 
hence  the  radicals  must  either  break  down  so  as  to  form 
stable  molecules  or  they  must  combine  with  each  other  or 
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with  elements  so  as  to  form  stable  compounds.  The  radical 
of  sulphuric  acid,  SO^^  has  already  been  mentioned,  and  it 
is  this  that  occurs  in  sulphates.  The  radical  of  nitric  acid 
and  the  nitrates  is  NO^,  and  that  of  the  hydrates  or  hydro- 
oxides  is  OH,  Thus,  AgNO^  is  silver  nitrate ;  Ba{NO^^  is 
barium  nitrate;  KOH  is  potassium  hydrate,  and  Ca{OH)^ 
is  calcium  hydrate.  The  radical  HO  seems  to  combine  with 
itself  to  form  a  compound,  H-O-O-H^  or  Hfi^^  which  is 
called  hydric  peroxide. 

14.  Coefficient.  —  Coefficients  are  numbers  placed 
before  symbols  of  free  elements,  or  formulas  of  compounds, 
to  indicate  the  relative  amounts  of  substances  under  consid- 
eration. Coefficients  may  be  illustrated  as  follows  :  When 
we  wish  to  write  two  molecules  of  water  we  write  %Hfi^ 
or  when  we  wish  to  write  two  molecules  of  hydrochloric 
acid  we  write  %HCl^  the  coefficient  applying  to  the  entire 
formula. 

15*  Ctiemical  affinity  is  the  tendency  which  all 
elements  possess  (to  a  greater  or  less  degree)  to  combine 
with  each  other  and  so  form  chemical  compounds.  This 
tendency  or  attraction  is  not  a  constant  force,  but  varies 
between  the  different  elements ;  for  instance,  there  is  prac- 
tically no  affinity  between  gold  and  oxygen,  but  iron  rusts 
or  oxidizes  in  moist  air.  The  affinity  between  chlorine  and 
hydrogen  is  so  great  that  if  they  are  merely  mixed  and 
exposed  to  light  (not  flame)  they  will  explode  with  great 
violence  and  unite  to  form  hydrochloric  acid.  The  affinity 
of  fluorine  for  hydrogen  is  even  more  intense,  and  light  is 
not  necessary  to  produce  combination  and  explosion  when 
the  elements  are  mixed. 

16.  A  chemical  reaction  is  a  change  in  the  arrangement 
of  the  atoms  of  two  or  more  compounds  or  molecules  so  as 
to  form  different  compounds  or  molecules.  Chemical  reac- 
tions are  due  to  the  difference  in  affinity  of  the  various 
elements,  and  usually  involve  several  elements  or  compounds. 
These  reactions  may  be  represented  by  chemical  equations, 
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one  side  of  the  chemical  equation  being  composed  of  the 
factors  which  enter  into  the  reaction,  and  the  other  side  of 
the  factors  resulting  from  the  reaction,  each  factor  being 
preceded  by  its  proper  coefficient. 

Ordinarily,  if  two  elements  or  compounds  that  have  an 
affinity  for  each  other  are  brought  together,  they  unite  to 
form  a  new  compound ;  but  in  some  cases  this  union  will  not 
take  place  at  ordinary  temperatures  or  under  ordinary  con- 
ditions, and  in  such  cases  heat,  electricity,  or  some  other 
agency  may  be  necessary  to  facilitate  the  union.  As  an 
illustration  :  If  two  volumes  of  hydrogen  gas  and  one  volume 
of  oxygen  gas  are  mixed  at  ordinary  temperatures,  they 
would  remain  in  the  gaseous  condition  indefinitely,  but 
should  their  temperature  be  elevated,  or  should  the  mixture 
be  brought  into  contact  with  a  flame,  they  will  immediately 
unite  to  form  water,  the  formula  for  which  is  Hfi. 

Chemical  reactions  may  be  considered  under  the  three 
following  heads :  Direct  union  or  syntliesis,  displace- 
ment, and  substitution  or  exctiang^e. 

1 7.  Direct  union  or  synthesis  takes  place  when  an 
element  in  the  free  state  comes  into  contact  with  another 
element  for  which  it  has  considerable  affinity,  and  the  two 
combine  to  form  a  chemical  compound.  In  the  same  way 
two  compounds  (or  an  element  and  a  compound)  may  unite 
to  form  a  single  new  compound.  As  illustrations  of  direct 
union  or  synthesis,  we  may  mention  the  formation  of  water 
by  the  union  of  oxygen  and  hydrogen,  as  has  already  been 
mentioned.  The  reaction  in  this  case  may  be  represented 
by  the  equation 

but  on  account  of  the  fact  that  this  reaction  does  not  take 

place   at  ordinary   temperatures,    some    people    write   the 

equation 

2/f+C>  +  heat  =  //,(9 

Another  illustration  of  direct  union  or  synthesis  has  already 
been  mentioned  in  the  formation  of  hydrochloric  acid,  the 
reaction  for  which  may  be  represented  by  the  equation 

H-^Clz=:HCl 
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The  converse  of  direct  union  or  synthesis  is  the  breaking 
up  or  disintegration  of  simple  compounds  into  their  con- 
stituent elements.  Analytical  chemistry  depends  upon  the 
breaking  up  of  the  compounds  to  determine  their  nature. 
Many  compounds,  such  as  carbonates,  sulphides,  etc.,  can 
be  decomposed  by  heat  alone,  while  others  are  decomposed 
by  electric  currents;  as,  for  instance,  water  may  be  decom- 
posed into  oxygen  and  hydrogen,  and  various  metallic  salts 
may  be  decomposed  into  the  metal  and  free  acid  by  means 
of  electric  currents. 

18.  Displacement  takes  place  when  a  free  element 
comes  in  contact  with  a  compound  containing  some  element 
for  which  the  free  element  has  a  greater  affinity  than  the 
other  constituents  of  the  compound.  The  free  element 
will  immediately  form  a  combination  with  the  element  for 
which  it  has  affinity,  and  the  other  element  or  elements 
of  the  compound  will  be  set  free  or  forced  to  form  new  com- 
pounds. This  may  be  illustrated  as  follows:  If  metallic 
zinc  and  hydrochloric  acid  be  brought  into  contact  in  the 
proportion  of  two  molecules  of  hydrochloric  acid  to  one  of 
zinc,  the  reaction  illustrated  by  equation  I  will  take  place. 

I.  Zn  +  %HCl  =  ZnCl^  +  %H 

It  is  by  this  means  that  hydrogen  gas  is  usually  made  in 
the  laboratory.  If  metallic  zinc  be  brought  into  contact 
with  a  solution  of  sulphate  of  copper,  the  reaction  illustrated 
in  equation  II  will  take  place. 

II.  CuSO^  +Zn=z  ZnSO^  +  Cu 

This  reaction  is  employed  for  the  precipitation  of  metallic 
copper,  and  metallic  iron  may  be  substituted  for  the  zinc, 
in  which  case  sulphate  of  iron  and  free  copper  would  be  the 
result.  The  latter  method  is  frequently  employed  for  the 
precipitation  of  copper  from  mine  waters  containing  sul- 
phate of  copper  in  solution,  the  mine  waters  being  led  into 
tanks  containing  scrap  iron.  The  scrap  iron  is  changed 
into  sulphate  of  iron  (green  vitriol)  and  the  copper  deposited 


10  BLOWPIPING.  §  34 

as  metallic  copper,  the  sulphate  of  iron  going  into  the  solu- 
tion and  being  carried  away  by  the  water. 

19.  Substitution  or  exctianse  takes  place  when  two 
compounds  come  together,  the  elements  of  which  are  so 
constituted  that  some  of  them  have  a  tendency  either  to 
exchange  places  with  a  portion  of  those  in  the  other  com- 
pound or  else  to  unite  and  form  new  compounds.  If  lii;pe- 
stone  be  brought  into  contact  with  hydrochloric  acid,  the 
reaction  shown  in  equation  III  will  take  place. 

III.  CaCO^  +  %HCl^  CaCl^  +  CO^  +  Hfi 

The  results  of  this  equation  are  calcium  chloride,  carbon 
dioxide,  or  carbonic  acid  gas,  as  it  is  sometimes  called,  and 
water.  This  is  the  reaction  commonly  used  in  the  labora- 
tory for  obtaining  carbon  dioxide.  Another  illustration  of 
this  class  of  reactions  is  shown  in  equation  IV,  in  which 
case  iron  sesquioxide  is  treated  with  sulphuric  acid,  and  the 
resulting  compounds  will  be  sesquisulphate  of  iron  and 
water. 

IV.  Fe,0,  +  ZH^SO,  =  />,  (SO,\  +  3//,0. 

20«  All  chemical  reactions  are  included  in  the  prece- 
ding classification.  Occasionally,  when  a  compound  is  robbed 
of  any  of  its  constituents,  the  affinity  between  the  remaining 
elements  is  not  sufficient  to  keep  them  together,  and  they 
will  break  up  independent  of  the  original  reaction. 

21.  Combining  Power. — It  has  been  found  that  the 
elements  always  combine  in  certain  definite  proportions, 
and  in  all  the  elements  which  are  gases  or  can  be  com- 
bined when  in  the  gaseous  state,  it  has  been  found  that 
these  proportions  are  by  volume;  and  from  investigations 
which  have  been  carried  on,  it  is  fair  to  assume  that  all  ele- 
ments combine  in  proportions  by  volume  when  in  the 
gaseous  state. 

For  instance,  if  one  volume  of  H  (hydrogen)  combines 
with  one  volume  of  CI  (chlorine),  they  will  form  two  volumes 
of  hydrochloric  acid,  HCL  This  law  always  holds,  and  each 
element  has  a  certain  combining  or  holding  power;  that  is, 
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its  atoms  can  hold  in  combination  or  combine  with  a  certain 
number  of  atoms  of  other  elements. 

Hydrogen  has  been  taken  as  the  standard  by  which  to 
measure  or  compare  this  combining  power.  The  combining 
power  of  the  various  elements  is  found  to  range  from  an 
eqviivalent  of  one  atom  of  hydrogen  up  to  as  high  as  an 
equivalent  of  seven  atoms  of  hydrogen.  Those  that  can 
hold  one  atom  of  hydrogen  are  called  monads;  if  the  ele- 
ment combines  with  or  replaces  the  equivalent  of  two  atoms 
of  hydrogen  or  other  monad  elements,  it  is  called  a  dyad, 
and  is  said  to  have  a  valence  of  two;  if  it  combines  with  or 
replaces  the  equivalent  of  three  atoms  of  hydrogen,  it  is 
called  a  triad,  and  has  a  valence  of  three;  if  it  combines 
with  four  atoms,  it  is  called  a  tetrad;  with  five  atoms,  a 
pentad ;  with  six  atoms,  a  hexad ;  and  with  seven  atoms,  a 
heptad. 

22*  Equivalence  or  valence  may  be  defined  as  that 
property  of  an  element  by  virtue  of  which  its  atom  may 
hold  a  definite  number  of  other  atoms  in  combination. 
Hydrogen  is  always  used  as  a  standard  for  measuring 
valence. 

Hydrogen  always  has  the  same  valence,  while  several  of 
the  other  elements  combine  in  two  or  more  proportions;  but 
if  an  element  has  an  odd  valence,  its  valence  will  usually 
increase  or  decrease  in  multiples  of  two,  and  hence  remain 
odd;  as,  for  instance,  chlorine  has  valences  of  one,  three, 
five,  and  seven,  but  not  two,  four,  and  six,  while  sulphur 
has  even  valences  of  two,  four,  and  six,  but  never  an  odd 
valence. 

To  make  valence  somewhat  plainer,  it  may  be  stated 
somewhat  as  follows:  The  combining  power  of  the  elements 
may  be  represented  by  bonds,  and  these  may  be  illustrated 
graphically  by  short  lines.  The  lines  represent  the  number 
of  bonds  and  not  their  direction.  H  has  but  one  bond, 
while  oxygen  has  two  and  carbon  four,  as  illustrated  below: 
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In  a  chemical  compound,  all  the  bonds  are  supposed  to 
be  satisfied. 

23.  Radicals  have  free  bonds  on  account  of  the  fact 
that  the  elements  composing^  them  are  not  completely  satis- 
fied, and  it  is  for  this  reason  that  they  act  as  elements;  for 
instance,  if  one  atom  of  hydrogen  and  one  atom  of  oxygen 
be  combined,  we  may  assume  that  they  would  take  the 
position  shown  below: 

H-0- 

in  which  there  is  still  a  free  bond,  but  now  if  this  same 
H-O--  radical  be  combined  with  a  similar  radical,  we  may 
assume  that  they  would  take  the  position : 

in  which  a  free  bond  of  each  radical  would  be  satisfied  by 
that  of  the  other,  and  the  formula  would  become  Hfi^^  as 
noted  in  Art.  13.  If  to  the  HO  radical  we  add  one  atom  of 
hydrogen  in  place  of  the  other  HO  radical,  we  would  have 
obtained  the  formula  H-O-H  or  H^O^  which  would  be 
water. 

24.  Nascent  State. — By  experiment  in  regard  to  the 
molecular  weight  of  gases,  it  has  been  found  that  in  hydro- 
gen gas  the  atoms  are  not  free,  but  the  molecule  is  com- 
posed of  two  atoms,  as  H-H^  or  //,.  In  the  same  way  the 
molecules  of  oxygen  gas  are  composed  of  two  atoms 
O^O^  or  O^.  (See  Art.  7.)  It  is  evident  that  the  forces 
necessary  to  hold  these  molecules  together  must  reduce 
their  ability  to  combine  with  other  elements;  i.  e.,  before 
oxygen  gas  can  combine  with  another  element,  the  molecule 
which  is  composed  of  two  atoms  of  oxygen  must  be  broken 
up  so  that  the  atoms  will  be  set  free.  The  same  is  true  in 
regard  to  hydrogen  gas,  and  in  this  case  the  reaction  may  be 
well  illustrated  as  follows  :  If  ferric  chloride  {Fe^Cl^  be 
treated  with  hydrogen  gas  by  passing  the  gas  from  a  gener- 
ator through  a  solution  of  the  ferric  chloride,  no  change 
whatever  in  the  condition  of  the  chloride  will  occur,  but  if 
the  solution  of  ferric  chloride  contain  free  acid — ^as,  for 
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instance,  hydrochloric  acid — ^and  then  zinc  be  added  to  the 
solution,  the  reaction  that  will  take  place  between  the  zinc 
and  the  free  hydrochloric  acid  will  be  illustrated  by  equa- 
tion V. 

V.  Zn-\-^HCl=ZnCl^  +  2H 

but  in  this  case  the  hydrogen  at  the  moment  it  is  freed 
will  be  in  an  atomic  form ;  that  is,  it  will  not  be  combined 
into  the  molecules  composed  of  two  atoms  of  hydrogen,  and 
hence  it  is  free  to  form  any  compound  that  it  may.  This 
free  hydrogen  will  combine  with  ferric  chloride  as  illustrated 
in  equation  VI. 

VI.  %H  +  Fe^a,  =  ^FeCl^  +  ^HCl 

It  will  be  seen  that  this  reaction  liberates  hydrochloric 
acid  from  the  ferric  chloride  and  reduces  the  ferric  chloride 
to  ferrous  chloride.  Now,  in  certain  chemical  reactions  it 
is  desirable  to  have  a  solution  of  iron  in  the  ferrous  state, 
and  this  may  be  accomplished  as  shown  by  the  reactions 
above.  After  the  reaction  is  once  started,  the  hydro- 
chloric acid  freed  from  the  ferric  chloride  would  decompose 
more  zinc,  and  the  reaction  would  be  continuous  so  long  as 
ferric  chloride,  zinc,  and  free  acid  be  present. 

The  fact  that  the  elements  are  more  active  at  the  moment 
they  are  freed  has  led  chemists  to  call  this  state  of  an  element 
the  nascent  state  (nascent  means  being  born). 

For  an  experiment  to  illustrate  this,  it  is  well  to  use  a  solu- 
tion of  potassium  permanganate,  which  has  a  dark-red 
color.  If  hydrogen  from  the  generator  be  passed  into  this 
solution,  no  reaction  will  occur,  even  though  free  acid  be 
present,  but  if  zinc  and  acid  be  added  to  the  solution,  so  as 
to  form  hydrogen  in  the  solution,  the  nascent  hydrogen  will 
immediately  combine  with  the  potassium  permanganate  to 
form  a  colorless  solution.  The  ferric-chloride  solution  is 
only  slightly  yellow,  and  hence  it  requires  a  test  to  deter- 
mine the  moment  at  which  all  the  ferric  salt  has  been 
reduced  to  a  ferrous  salt. 
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CHEMICAL  NOMENCLATURE. 

25.  In  the  naming  of  the  chemical  elements,  the  only 
attempt  made  at  system  is  in  restricting  the  use  of  the 
termination  -«;;/  to  the  metallic  elements,  and  even  to  this 
there  are  two  exceptions,  selenium  and  tellurium;  these  two 
elements  were  originally  supposed  to  be  metallic,  and  the 
names  have  not  been  altered  since  their  non- metallic 
character  was  recognized. 

In  the  naming  of  compounds,  however,  a  definite  system 
has  been  adopted  by  which  the  name  of  the  compound  is 
made  to  indicate  its  composition. 

26.  Binary  Compounds. — The  simplest  of  chemical 
compounds  are  those  containing  only  two  elements — binary 
compounds.  Such  compounds  are  made  up  either  of  a  metal 
and  a  non-metal  or  of  two  elements  replaceable  by  a  metal 
and  non-metal  respectively,  and  which  may,  therefore,  for 
purposes  of  comparison,  be  considered  as  metallic  and 
non-metallic.  Thus,  hydrogen  is  replaceable  in  all  acids  by 
metals,  and  in  many  of  its  chemical  characteristics  resem- 
bles the  metallic  elements.  Sulphur  and  arsenic  in  some 
compounds  are  non-metallic  in  character  and  in  others  they 
have  all  the  chemical  characteristics  of  metals. 

27.  In  binary  compounds,  the  name  of  the  non-metal 
gives  the  name  to  the  class,  the  termination  -ide  being  sub- 
stituted for  the  concluding  syllable  or  syllables  of  the  name 
of  the  element.  Thus,  compounds  of  a  metallic  element 
with  oxygen  are  oxides;  with  sulphur,  sulphides;  with 
chlorine,  chlorides,  etc.  The  specific  name  of  the  com- 
pound is  derived  from  the  metallic  element;  thus,  copper 
oxide,  iron  sulphide,  silver  chloride.  Frequently,  however, 
the  same  elements  combine  in  more  than  one  proportion. 
Thus,  we  have  two  oxides  of  iron,  FeO  and  Fe^O^,  and  cor- 
responding sulphates,  chlorides,  etc.  There  are  several 
ways  of  denominating  such  compounds.  Usually  we  use 
the  Latin  name  of  the  metallic  constituent  and  substitute 
for  the  final  syllable  or  syllables  the  suffix  -ic  in  the  names 
of  the  compounds  in  which  the  proportion  of  the  non-nieiallic 
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constituent  is  largest,  and  -ous  in  the  names  of  the  com- 
pounds having  smaller  proportions  of  the  non-metallic  con- 
stituent. Thus,  FeO  is  the  formula  for  ferr^w^. oxide;  Fcfi^ 
for  ievrtc  oxide ;  SO^  is  sulphur^;/j  oxide  or  anhydride ;  SO^ 
is  sxilphxiTtc  oxide  or  anhydride,  etc.  In  the  higher  com- 
pounds, the  same  system  is  also  used :  CrSO^  is  ohrovnous 
sulphate;  CrJ^SO^^y  chrom/V  sulphate,  etc. 

28.  The  use  of  the  names  of  the  Greek  and  Latin  numer- 
als as  prefixes  to  the  class  names  of  the  compounds,  instead 
of  the  suffixes  given  above,  is  quite  common.  The  Greek 
prefixes  mono-,  di-,  tri-,  tetra-,  penta-,  hexa-,  etc.  are  most 
frequently  used;  thus,  FeS  is  ;;/^;/^sulphide  of  iron;  FcS^, 
^//sulphide,  etc.  The  Latin  prefixes  uni-,  bi-,  tcr-,  quadro-, 
etc.  are  used  interchangeably  with  the  Greek,  a  mottosnl- 
phide  and  a  w;^/sulphide  being  identical;  or  a  ^/oxide  and  a 
binoxidc.  The  pre&x  proto-  is  frequently  applied  to  the  class 
name  of  the  one  of  two  or  more  compounds  of  the  same  ele- 
ment which  contains  the  lowest  proportion  of  the  non-metal, 
and  per-  to  the  one  containing  the  highest  proportion. 
Thus,  SnCl^  is/r^/^chloride  of  tin,  or  stannous  chloride,  and 
SnCl^  is /rrchloride  of  tin,  or  stannic  chloride. 

29.  Iron,  aluminum,  chromium,  manganese,  nickel,  and 
cobalt  form,  besides  the  regular  series  of  oxides  and  corre- 
sponding compounds  in  which  the  valence  of  the  metals  is 
even — two,  four,  and  six — another  series  in  which  the 
valence  is  apparently  odd — three — called  5'r^^« /oxides,  scsqui- 
sulphates,  etc.,  the  combining  proportion  of  the  non-metal 
to  the  metal  being  as  3  to  2;  2i?,Fefi^^  CrJ^OH)^  (chromium 
sesquihydrate— or  chromic  hydrate — two  volumes  of  OH 
being  equivalent  to  one  of  (?),  etc. 

30.  A  compound  in  which  the  metallic  constituents  are 
in  less  than  the  normal  proportion  (in  other  words,  in  which 
the  valence  of  the  metallic  element  is  less  than  its  minimum 
normal  valence)  is  distinguished  by  the  prefix  sub-  to  its 
class  name.  Thus,  in  suboxide  of  copper  {Cu^O),  copper, 
which  is  ordinarily  a  dyad  or  tetrad,  has  an  apparent 
valence  of  1. 
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31.  Acids. — An  acid  is  a  compound  of  hydrogen  with 
one  or  more  other  elements,  in  which  the  hydrogen  is  replace- 
able, wholly  and  in  part,  by  a  metallic  element  or  a  group  of 
elements  equivalent  to  a  metal.  As  a  class,  acids  have  a 
sour  {acid)  taste,  and  most  of  them  turn  certain  vegetable 
colors  red — notably  in  the  case  of  blue  litmus,  which  gives  a 
very  delicate  test  for  the  presence  of  an  excess  of  acids. 

Certain  oxides,  when  dissolved  in  water,  combine  with  it 
chemically  and  form  acids.  Oxides  having  this  property  are 
called  anhydrides,  a  term  meaning  '^  containing  no  water 
or  hydrogen. "  The  following  equation  illustrates  the  reac- 
tion between  sulphuric  anhydride  and  water: 

SO^  +  H^O  =  H^SO^  (sulphuric  acid) 

The  term  acid  is  sometimes  used  in  reference  to  anhy- 
drides, as  **  carbonic  acid  gas  "  {CO^,  but  this  usage  is  being 
abandoned. 

32.  Acids  containing  oxygen  are  called  oxy-acids^  or 
oxacids^  to  distinguish  them  from  a  group  of  binary  acids 
containing  no  oxygen,  which  are  known  as  hydr acids — 
hydrochloric  acid  {HCl),  hydriodic  acid  {HI)^  hydrofluoric 
acid  {HF)y  hydrosulphuric  acid  or  sulphureted  hydrogen 
(iV.S),  etc. 

When  an  element  forms  more  than  one  oxacid,  the 
termination  -ous  is  applied  to  the  name  of  the  acid  in  which 
the  proportion  of  the  oxygen  to  the  characteristic  element 
is  smaller  (or,  to  be  more  exact,  to  the  one  in  which  the 
characteristic  element  has  the  lower  valence,  the  distinction 
depending  rather  upon  valence  than  actual  proportion),  and 
'ic  to  the  more  highly  oxidized  acid. 

33.  Bases. — A  base  is  a  compound — usually  an  oxide 
or  a  hydrate  of  a  metallic  element,  or  of  a  radical  equivalent 
to  a  metal — which  is  chemically  opposed  to  acids  in  all  its 
reactions  and  characteristics.  Certain  bases  in  which  the 
distinctive  chemical  characteristics  are  very  marked  are 
called  alkalies.  They  neutralize  acids,  restore  the  blue 
color  to  litmus  reddened  by  acids,  and  turn  yellow  turmeric 
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paper  to  a  reddish-brown  color.  The  most  familiar  alkalies 
are  caustic  soda  and  caustic  potash  (sodium  and  potassium 
hydrates — NaOH  and  KOH)  and  ammonia  (ammonium 
hydrate — NHjOH).  The  metallic  constituents  of  these 
compounds  belong  to  a  group  known  as  the  alkali  metals^  - 

consisting  of  sodium,  potassium,  lithium,  rubidium,  caesium, 
and  the  metallic  radical  ammonium  {NH^,  The  metals  of 
this  group  and  their  oxides  combine  with  great  readiness 
with  water,  forming  strongly  alkaline  hydrates — all  except 
lithium  bursting  into  flame  on  being  wet  or  thrown  into 
water — and  ammonia  gas  {NH^  dissolves  with  remarkable 
rapidity  in  twice  its  weight  of  water,  forming  a  hydrate. 
The  gas  may  be  completely  expelled  from  the  water  by  heat- 
ing, and  is  liberated  to  a  considerable  degree  at  ordinary 
temperatures.  The  alkalies  impart  a  peculiar  soapy  taste 
and  feel  to  water. 

The  alkaline  earth  metals^  barium,  strontium,  calcium, 
and  magnesium,  have  many  characteristics  in  common  with 
the  alkali  metals.  The  basic  compounds  of  this  group  are 
less  soluble,  however,  and  their  alkaline  reactions  are  less 
pronounced. 

34,  Salts. — A  salt  is  a  compound  produced  by  the 
replacement  of  part  or  all  of  the  hydrogen  of  an  acid  by  a 
metallic  element  or  an  equivalent  group  of  elements. 
Many  metals  are  directly  soluble  in  acid,  the  reaction  giving 
a  salt  of  the  metal  and  liberating  hydrogen  gas,  thus: 

Fe  +  H^SO,  =FeSO,  +  %H 

Bases  (oxides  and  hydrates)  react  with  acids,  the  metal  of 
the  base  interchanging  with  the  hydrogen  of  the  acid,  form- 
ing a  metallic  salt  and  water,  thus: 

FeO  +  2HCI  =  FeCl^  +H^0 
or  %NHfiH  +  H^SO,  =  ( A^//,),  SO^  +  %Hfi 

The  salts  of  the  alkali  metals  are  all  soluble,  hence  they 
do  not  form  precipitates,  except  in  very  highly  saturated 
solutions. 
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35.  The  salts  of  the  hydracids  are  essentially  binary, 
and  take  the  binary  termination  -ide — chloride,  fluoride, 
sulphide,  etc.  The  salts  of  the  lower  or  -ous  oxacids  take 
the  termination  -ite^  thus: 

(sulphurous  (sodium 

acid)  sulph//^) 

The  salts  of  the  higher  or  -ic  oxacids  take  the  termination 
-ate,  thus: 

^HNO,   +  PbO   =    Pb{NO,\   +   H^O 

(nitric  acid)  (lead  mtraie) 


OXIDATION   AND   RBDUCTION. 

36.  Oxidation,  strictly  speaking,  is  a  reaction  by  which 
a  substance  takes  up  oxygen,  or  is  actually  oxidised,  the 
proportion  of  oxygen  to  the  metallic  constituent  being 
increased.  In  its  chemical  sense,  however,  it  applies  not 
only  to  reactions  in  which  there  is  an  actual  increase  in  the 
proportion  of  oxygen,  but  also  to  all  analogous  reactions 
in  which  there  is  an  increase  in  the  proportion  of  the  non- 
metallic  constituent.  Thus,  any  reaction  by  which  ferrous 
chloride  (FeCf^)  is  converted  into  ferric  chloride  (Fe^C/^),  or 
ferrous  sulphate  (FeSO^)  is  converted  into  ferric  sul- 
phate [Fe^{SO^)^'],  is,  chemically  speaking,  just  as  truly  ox- 
idation as  the  reaction  by  which  ferrous  oxide  {FeO)  is  con- 
verted into  ferric  oxide  (Fe^O^),  though  in  the  first  case  there 
may  have  been  na  oxygen  in  any  of  the  reagents  used. 

In  blowpiping,  however,  oxidizing  reactions  are  usually 
attended  by  ^^/w^/ oxidation,  or  an  increase  in  the  propor- 
tion of  oxygefi, 

37.  Reduction  is  the  opposite,  or  inverse,  of  oxidation : 
that  is,  a  reducing  reaction  is  one  by  which  the  proportion 
of  non-metallic  constituent  to  the  metallic  constituent  is 
decreased. 

38.  Oxidation  and  reduction  always  occur  simultane- 
ously; th^t  is,   an  oxidizing  reaction  is  at  the  same  time 
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reducing,  for  what  one  reagent  gains  it  must  take  from 
another,  either  directly  or  indirectly,  and  the  second  reagent 
is  therefore  reduced.  The  reaction  is  termed  oxidizing  or 
reducing,  according  as  the  principal  product^  to  obtain 
which  the  mixture  of  the  different  reagents  was  made,  is 
the  result  of  oxidation  or  reduction. 


BLOWPIPING. 

39.  The  purpose  of  blowpiping  is  to  furnish  a  rapid 
method  for  the  determination  of  the  approximate  composi- 
tion of  minerals  and  ores.  In  general,  blowpipe  determina- 
tions are  merely  qualitative — that  is,  they  indicate  the 
presence  oi  the  different  constituents,  but  not  the  proportions. 
In  the  cases  of  a  few  of  the  metallic  elements  which  can  be 
completely  reduced  from  their  minerals  before  the  blowpipe, 
by  methods  to  be  described  later,  a  rough  idea  of  the  pro- 
portions may  be  gained;  but  these  res^lts  are  not  at  all 
accurate,  on  account  of  the  roughness  of  the  method  and 
the  losses  through  volatilization.  To  determine  with  any 
accuracy  the  percentage  composition  of  a  chemical  com- 
pound, the  more  elaborate  methods  of  quantitative  analysis 
must  be  used. 

40.  A  mineral  is  a  free  native  element  or  an  inorganic 
compound  occurring  in  nature.  In  this  sense,  not  only  are 
the  solid  rocks  minerals,  but  water  is  also  a  mineral. 


WET  TESTS. 

41.  In  ordinary  chemical  analysis  the  substance  to  be 
tested  must  first  be  brought  into  a  liquid  form  by  dissolving 
in  acids,  and  the  different  constituents  then  precipitated  by 
means  of  proper  reagents;  but  by  the  use  of  the  blowpipe 
for  qualitative  analysis,  the  reactions  by  which  the  different 
constituents  are  recognized  are  gotten  directly  from  the 
substance  tested,  without  previous  solution.  There  are 
certain  simple   wet  tests,   however,   which  are  universally 
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used  in  conjunction  with  the  blowpipe  tests,  and  have  come 
to  be  considered  a  part  of  blowpipe  practice.  These  tests 
are  mainly  of  the  solubility  of  the  substances  in  the  common 
mineral  acids — hydrochloric  {HCl)^  nitric  {HNO^y  and 
sulphuric  {H^SO^ — and  the  phenomena  attending  the  com- 
plete or  partial  solution. 

42.  For  testing  with  acids,  a  mineral  should  first  be 
powdered ;  a  little  of  it  is  then  placed  in  the  bottom  of  a 
test  tube,  or  matrass,  and  well  covered  with  the  acid.  The 
most  important  points  to  be  observed  are,  first,  its  solubility 
— whether  slow  or  rapid,  complete  or  incomplete,  or  whether 
soluble  at  all,  and  whether  heating  is  necessary  for  the 
solution;  and  second,  the  attendant  phenomena — whether 
a  gas  is  evolved,  producing  bubbling  or  effervescence,  or 
a  solution  is  formed  without  effervescence,  or  whether  a 
precipitate  is  formed  or  an  insoluble  constituent  separated. 

43.  Hydrochloric  acid  is  the  acid  most  frequently  used 
in  testing  the  solubility  of  a  mineral,  though  in  the  case  of 
compounds  of  lead,  silver,  and  mercury,  nitric  acid  is 
required,  as  these  metals  form  insoluble  chlorides  with  HCl. 
Sulphuric  acid  is  the  acid  least  used  as  a  solvent.  Dilute 
acids  are  generally  used.  Minerals  which  are  insoluble  or 
only  partially  soluble  in  either  HCl  or  HNO^  alone,  are 
usually  soluble  in  aqua  regia,  which  is  a  mixture  of  3  parts 
of  HCl  with  1  part  of  HNO^. 


RBACTION8  OP  DIPPBRBNT  MINBRALS  IN  ACIDS. 

44.  Carbonates. — All  carbonates  dissolve  in  acids, 
liberating  CO^  (** carbonic  acid  gas")  with  lively  efferves- 
cence (see  equation  III,  Art.  19).  With  many  carbonates 
the  solution  will  take  place  in  cold  acid,  but  with  some  it  is 
necessary  to  heat  the  acid  to  obtain  the  reaction,  as  in  the 
case  of  magnesite  (magnesium  carbonate),  dolomite,  and 
siderite.  Dilute  HCl  is  generally  used  for  the  tests.  HNO^ 
gives  the  best  results  with  lead,  copper,  and  zinc  car- 
bonates. 
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45.  Sulphides, — ^When  metallic  sulphides  are  dissolved 
in  HCl  or  H^SO^,  the  gas  H^S  (sulphureted  hydrogen)  is 
liberated.  This  is  a  colorless,  highly  poisonous  gas,  very 
readily  recognized  by  its  characteristic  odor,  which  is  that 
of  rotten  eggs. 

Many  sulphides,  when  treated  with  boiling  HNO^^  decom- 
pose, forming  a  metallic  nitrate  or  oxide,  and  liberating 
sulphur,  which  separates  as  a  white  or  yellowish  precipitate. 

46.  Silicates. — Many  silicates,  when  finely  powdered 
and  treated  with  boiling  concentrated  HCl  or  HNO^y  are 
decomposed,  the  silica  separating  as  a  gelatinous  precipitate 
or  as  a  fine  powder.     Many  silicates  are  unaffected  by  acids. 

47.  Oxides. — The  majority  of  the  mineral  oxides  are 
soluble  in  acids.  HCl  alone  will  dissolve  most  of  them,  and 
there  are  several  more  that  are  soluble  in  HNO^  or  in  aqua 
regia.  There  are  a  number  of  oxide  minerals,  however, 
which  refuse  to  yield  to  the  solvent  powers  of  acids,  as  the 
minerals  corundum  {Al^O^)y  spinel  {MgAl^O^,  chromite 
(FeCr^O^y  rutile  (TtO^),  cassiterite  {SnO^),  quartz  {StO^)^ 
etc. 

48.  Besides  the  insoluble  silicates,  there  are  a  number 
of  other  minerals  that  are  insoluble  in  acids ;  mostly,  how- 
ever, of  rather  unusual  occurrence,  as  titanates,  tantalates, 
columbates,  etc.  Among  the  commoner  insoluble  minerals 
are  barite,  celestite,  and  anglesite — the  sulphates  of  barium, 
strontium,  and  lead,  respectively — and  many  phosphates. 


APPARATUS. 


THB  BLOl^PIPB. 

49.  The  blowpipe  has  been  employed  for  a  very  long 
time  for  producing  an  intensely  heated  flame,  and  in  later 
years  its  use  has  been  extended  by  such  eminent  men  as 
Gahn  and  Berzelius  to  the  determination  of  minerals  and  to 
the  preliminary  examination  of  substances  before  analyzing 
them  quantitatively. 

iV.  A/.    IL—I6 
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50.  There  have  been  numerous  modifications  of  the 
blowpipe.  In  its  simplest  form  it  is  a  conical  curved  tube 
of  brass,  terminating  in  a  small  orifice  about  the  size  of  a 
needle  point.  This  form  of  blowpipe  is  not  very  satisfac- 
tory, however,  as  the  moisture  which  con- 
denses from  the  breath  is,  after  blowing 
some  time,  thrown  into  the  flame,  and 
becomes  very  troublesome,  and  the  better 
forms  of  blowpipes  are  all  supplied  with 
some  sort  of  enlargement  at  the  turn,  to 
act  as  a  moisture  reservoir. 

The  most  improved  form  of  blowpipe  is 
shown  in  Fig.  1.  It  consists  of  four  parts : 
the  mouthpiece  i,  made  of  hard  rubber  or 
bone,  which  is  pressed  against  the  lips^  and 
is  so  large  as  not  to  tire  the  operator ;  the 
tube  ^,  which  fits  by  a  ground  joint  into 
the  moisture  reservoir  S\  and  the  tip- 
holder  4,  fitting  by  a  ground  joint  into 
the  reservoir;  on  the  other  end  of  the  tip- 
holder  is  soldered  a  small  disk  or  tip  of 
platinum  foil,  pierced  in  the  center  by  a 
very  fine  hole.  Some  varieties  of  blow- 
pipes have  detachable  conical  tips  of 
platinum,  fitting  onto  the  tip-holder  with 
ground  joints;  these  are  considerably 
more  expensive,  however,  than  the  form  described,  and  no 
better;  and  the  tips  are  small  and  apt  to  get  lost,  and  new 
tips  cost  60  cents  apiece.  A  plain  brass  blowpipe  of  the 
form  illustrated  in  Fig.  1  (the  Plattner  pattern)  costs  about 
11.50.  The  pipe  can  be  taken  to  pieces  for  packing.  The 
trumpet  mouthpiece  is  especially  desirable  as  it  makes  the 
use  of  the  blowpipe  much  less  tiring  to  the  operator  than  it 
would  be  without  it. 


FIG.   1. 


51.  A  much  cheaper  blowpipe  (costing  about  25  cents) 
is  shown  in  Fig.  2.  It  is  made  of  japanned  tin,  with  the 
parts  brazed  together.     It  is  just  as  satisfactory  for  pro- 
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ducing  a  good  flame  as  the  Plattner  pattern,  but  the  mouth- 
piece has  to  be  inserted  between  the  lips,  which  is  more 
fatiguiag,  and  which  necessi- 
tates the  large  moisture  reser- 
voir, as  the  saliva  passes  into 
the  pipe — something  which 
can  not  happen  when  the 
mouthpiece  is  pressed  only 
against  the  lips.  fig.  2. 

52.  Tlie  Blast. — The  success  of  the  blowpipe  as  a 
means  of  qualitatively  determining  the  ingredients  of  a 
compound  depends  upon  its  careful  manipulation.  As  a 
necessary  condition,  the  operator  must  frequently  main- 
tain an  uninterrupted  stream  of  air  for  several  minutes 
at  a  time,  and  must  be  able  at  will  to  produce  an  oxi- 
dizing or  a  reducing  flame,  two  diametrically  opposite 
chemical  effects.  Considerable  practice  is  necessary  to 
cultivate  a  proficiency  in  this,  and  no  determinations 
should  be  undertaken  until  the  operator  has  become  some- 
what expert. 

The  blowpipe  is  held  in  any  convenient  and  comfortable 
position,  usually  between  the  index  finger  and  the  thumb, 
as  a  pen  is  held,  with  the  arms  resting  against  the  edge  of 
the  table.     The  operator  chooses  his  own  position. 

53.  The  blast  is  produced  by  the  contraction  of  the 
cheek  muscles,  and  is  not  furnished  directly  from  the  lungs. 
The  mouth  is  filled  with  air,  distending  the  cheeks,  not, 
however,  to  an  uncomfortable  degree;  then  the  throat  is 
closed  and  the  operator  continues  to  breathe  naturally 
through  his  nose,  while  the  air  in  the  mouth  is  slowly  and 
gently  forced  out  through  the  blowpipe  by  the  contraction 
of  the  distended  cheeks.  From  time  to  time,  the  throat  is 
opened  for  an  instant  to  renew  the  air  supply  in  the  mouth, 
and  then  immediately  closed  again.  It  is  advisable  to 
practice  at  first  without  a  flame,  until  the  knack  of  breath- 
ing and  blowing  at  the  same  time  is  acquired. 

The  beginner  generally  commits  the  errors  of  blowing  too 
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hard  and  not  shutting  off  the  connection  between  chest  and 
mouth.  In  the  first  case  it  will  be  well  to  remember  that 
very  little  more  force  is  necessary  to  produce  the  bla»t  than 
naturally  results  from  the  contraction  of  the  cheek  muscles 
after  being  distended ;  and  the  second  method  of  blowing 
will  prove  injurious  to  the  health.  Never,  under  any  cir- 
cumstances, draw  air  into  the  mouth  through  the  pipe.  If 
this  were  done  with  the  pipe  in  the  flame  it  might  result 
seriously. 


BLO'VVPIPB  LAMPS   AND   PUBL8. 

54.     Bunsen  Burner. — The  most  convenient  fuel  for 
blowpipe  operations  is  illuminating  gas,  and  the  burner  best 

suited  for  the  purpose  is  the  Bunsen 
burner  shown  in  Fig.  3.  There  are 
various  forms  of  these  burners,  the 
essential  feature  being .  the  mixture  of 
air  with  the  gas  before  combustion,  but 
the  one  shown  is  the  most  commonly 
used. 

The  neck  a  is  connected  to  the  gas 
fixture  by  rubber  tubing.  The  tube  / 
screws  onto  the  body  of  the  lamp  and 
the  gas  flows  up  into  it  through  a  small 
tube,  or  tip,  ^,  which  is  flattened  at  the 
top  so  that  the  gas  issues  from  a  mere 
slit  about  a  quarter  of  an  inch  long. 
Near  the  bottom  of  the  tube  t  are  two 
holes  r,  and  there  are  corresponding  holes  in  a  short  sleeve  J, 
around  the  base  of  /.  A  small  guard-ring  r  keeps  the 
sleeve  s  in  position.  By  turning  the  sleeve,  the  quantity  of 
air  passing  into  t  and  mixing  with  the  gas  can  be  regulated. 
When  the  openings  in  the  sleeve  are  between  the  openings 
in  the  tube,  the  blank  spaces  in  the  sleeve  cover  the  open- 
ings  in  the  tube  and  exclude  all  air,  and  the  gas  burns  at 
the  top  of  the  tube  t  with  the  ordinary  yellow,  luminous 
flame;  but  if  the  sleeve  be  turned  a  little,  the  openings  in 
the  tube  will  be  partly  uncovered  and  air  will  rush  in  and 
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mix  with  the  gas,  and  the  flame  will  become  hotter  and  less 
luminous,  and  by  opening  the  air-holes  the  proper  amount 
a  clear,  blue,  non-luminous  flame  is  obtained,  which  is  very 
hot.  If  there  is  very  little  dust  in  the  air,  this  flame  can 
sometimes  be  gotten  so  clear  as  to  be  invisible  against  a  dark 
background.  If  too  much  air  is  admitted  it  is  apt  to  blow 
the  flame  out,  or  off  the  burner.  This  colorless  gas  flame 
is  very  convenient  for  making  the  flame  tests  described 
further  on.  For  blowpiping,  however,  a  yellow  flame  about 
1^  inches  high  is  used,  the  blowpipe  furnishing  the  neces- 
sary oxygen  for  perfect  combustion. 

55.  In  some  forms  of  burners  the  regulating  sleeve  is 
not  provided,  and  in  order  to  get  a  yellow  flame  a  second 
tube,  whose  outside  diameter  corresponds  to  the  bore  of  the 
tube  /,  is  slipped  inside  of  /,  shutting  off  the  air.  By  flatten- 
ing this  tube  at  the  top  into  a  narrow  slit,  and  cutting  it 
at  a  slight  angle,  lengthwise  of  the  slit,  instead  of  hori- 
zontally, a  flat  flame  like  that  of  an  oil  lamp  is  obtained. 
Flattened  tips  are  also  made  to  set  on  the  top  of  the  ordi- 
nary Bunsen  burners  to  get  a  flat  flame  for  blowpiping,  and 
specially  designed  blowpipe  burners  with  flat-tipped  tubes 
are  also  made. 

56.  Oil  and  Spirit  Lamps,  Etc. — The  oil  and  spirit 
lamps  for  blowpiping  are  of  various  patterns.  They  are 
made  of  both  metal  and  glass,  and  with  single  and  double 
wicks.  The  oils  used  in  blowpipe  lamps  should  be  rich  in 
carbon.  Kerosene,  refined  rapeseed  oil,  olive  oils,  and  mix- 
tures of  alcohol  and  turpentine,  and  alcohol  and  benzine  are 
variously  used  in  lamps,  but  none  of  these  is  as  satisfactory 
as  illuminating  gas,  burned  in  a  Bunsen  burner. 

Spirit  lamps  can  be  used  for  some  bl5wpipe  tests,  but 
alcohol  is  comparatively  poor  in  carbon  and  its  flame  is  not 
very  hot,  and  it  is  impossible  to  obtain  a  strong  reducing 
flame  with  it.    It  is  very  convenient,  however,  for  flame  tests. 

Candles  are  sometimes  used  for  blowpiping  when  no  better 
flame  is  obtainable,  but  they  are  rather  unsatisfactory,  as 
the  water  in  the  tallow  or  wax  cools  the  flame  and  makes  it 
sooty. 
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THE   FLAME. 

57.  An  ordinary  luminous  flame,  like  the  flame  of  a 
candle,  lamp,  or  gas-burner,  consists  of  three  parts:  an 
inner  zone,  just  above  the  wick  or  burner,  of  gas  or  volatil- 
ized oil  or  tallow  which  has  not  yet 
caught  fire;  immediately  outside  of 
this  a  zone  of  burning  gas,  rendered 
yellow  and  luminous  by  innumerable 
minute  particles  of  incandescent 
carbon,  resulting  from  the  decom- 
position of  some  of  the  hydrocarbons 
under  the  influence  of  heat — this  is 
the  luminous  portion  of  the  flame; 
and  outside  of  this  again  an  invisible 
envelope  of  CO,  gas  and  water  vapor 
{■ff,0) — the  products  of  the  com- 
plete combustion  of  the  hydrocarbons  of  the  fuel. 

The  flame  of  a  candle  (Fig.  4),  for  instance,  is  a  typical 
luminous  flame.  The  inmost  cone  c  consists  of  volatilized 
wax  or  tallow  not  yet  ignited,  and  is  blue  and  transparent; 
the  middle  cone  i  is  the  luminous  portion  of  the  flame,  and 
outside  of  i  is  a  third  cone,  or  envelope,  d  of  a  faint  blue 
color  and  hardly  visible,  consisting  almost  entirely  of  CO, 
gas  and  water  vapor. 

5S>  ReduclDK  Flame. — If  the  tip  of  the  blowpipe  is 
held  about  one-eighth  of  an  inch  above  the  top  of  the  wick 
or  burner  of  a  blowpipe  lamp,  and  just  outside  of  the  flame, 
as  shown  in  Fig.  5,  and 

a  strong,   steady   blast  t  *  ? 

blown,    the     flame     is         ^  .jfej^.  -i 
thrown  into  a  hdrizontal    —^~MSm\4:y^f^^^T'''^  ~ 


cone.  The  amount  of 
air  used  should  be  just 
sufficient  to  keep  a 
steady.horizontalflame, 
free  from  soot,  but  still 
yellow.      The    entire 
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flame  will  be  diminished  in  sise,  but  the  temperature  will  be 
greatly  increased,  and  if  a  reducible  substance  is  held  just 
inside  of  the  tip  of  the  yellow  cone  b  it  will  be  rapidly  deox- 
idized or  reduced.  This  reducing  action  of  the  flame  gives 
it  the  name  of  reducing  flame — for  convenience  abbrevi- 
ated to  R.  F.  It  is  due  to  the  partially  burned  gas  and 
incandescent  carbon  of  the  luminous  portion  of  the  flame, 
which  seek  to  oxidize  themselves  at  the  expense  of  any  sub- 
stance heated  in  the  flame.  The  reaction  of  the  flame  on 
the  mineral  cuprite  (Cii^O)  may  be  taken  as  an  example  of 
this.  The  reaction  between  the  mineral  and  incandescent 
carbon  is 

Cu,0-\-C=ZCu-\-CO 

a  reduction  of  the  cuprite  to  metallic  copper,  and  a  partial 
oxidation  of  the  carbon  ;  and  between  the  mineral  and  the 
partially  oxidized  carbon  (CC?— carbon  monoxide)  of  the 
flame  is 

Cu^O  +  CO  =  %Cu  +  C(9, 

the  CO  oxidizing,  at  the  expense  of  the  cuprite,  to  CO,,  the 
highest  oxide  of  carbon.  Sulphates  are  similarly  reduced  to 
sulphides,  and  carbonates  first  to  oxides  and  then  to  metals. 

Note.— If  the  student  wishes  to  test  the  reducing  flame,  it  can  be 
done  as  follows:  Place  a  small  piece  of  metallic  tin  on  charcoal  and 
melt  it  with  the  reducing  flame.  As  long  as  a  pure  reducing  flame  is 
blown  the  metal  will  be  bright.  Hut  if  it  comes  into  the  oxidizing 
flame  a  white  coat  of  the  oxide  will  be  formed.  The  student  should 
practice  until  he  can  blow  a  pure  reducing  flame. 

59.  Oxldlzloff  Flame. — If  the  tip  of  the  blowpipe  be 
introduced  into  the  flame,  as  shown  in  Fig,  6,  and  a  strong, 
steady  current  of  air 
be  blown  into  the 
flame,  it  will  be 
elongated  into  a  long, 
narrow  cone;  the  lu- 
minous portion,  if 
sufficient  air  is  sup- 
plied, will  disappear 
entirely,  the  air  from 
the  pipe  affecting  the  jtio.  s. 
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combustion  of  the  volatilized  tallow  at  c  in  the  same  way  as 
the  air  through  the  ports  of  a  Bunsen  burner  affects  that  of 
the  gas.  The  mixture  of  gas  and  air  burns  with  a  pale-blue, 
non-luminous  flame,  to  CO^  CO^,  and  H^O  (water  vapor). 
The  outside  cone  a^  in  which  all  the  carbon  has  burned  to 
CO^,  is  unaltered.  This  flame  is  called  the  oxidizing 
flame — abbreviated  to  O.  F.  in  the  text — ^and  a  substance 
held  at  the  tip  of  the  outer  cone,  where  the  air  can  get  at  it, 
but  away  from  any  possible  reducing  action  of  the  CO  in 
the  cone  ^,  will  be  rapidly  oxidized, 

60.  The  oxidizing  flame  is  also  used  for  flame  tests,  on 
account  of  being  colorless,  and  for  melting,  as  it  is  the  hot- 
test flame  obtainable  with  the  blowpipe.  The  hottest  point 
of  the  flame  is  just  beyond  the  tip  of  the  inside  cone  c. 

Note. — To  test  the  oxidizing  flame  the  student  can  prepare  a  borax 
bead  and  add  a  little  manganese  mineral  to  the  same.  As  long  as  the 
bead  is  kept  in  the  oxidizing  flame  it  will  remain  violet  when  hot  and 
reddish- violet  when  cold.  But  the  reducing  flame  will  clear  the  bead 
and  render  it  colorless  both  when  hot  and  when  cold. 


SUPPORTS. 

61.  The  materials  to  be  examined  before  the  blowpipe 
are  supported  by  certain  substances  which  are  either  infusi- 
ble or  are  capable  of  withstanding  a  high  heat  without 
appreciably  changing  their  form. 

62.  CharcoaL — For  roasting,  obtaining  coats,  redu- 
cing metals,  and  making  sulphur  tests,  charcoal  is  the  sup- 
port used.  A  wood  that  gives  a  dense  coal,  with  very  little 
ash,  is  used  for  making  the  charcoal.  Charcoal  can  be  bought 
in  specially  prepared  blocks  or  sticks,  of  convenient  size  for 
blowpiping,  for  fifty  cents  a  dozen,  and  in  this  form  is  much 
more  satisfactory  than  lump  charcoal.  Artificial  charcoal, 
made  of  charcoal  dust,  compressed  into  sticks,  is  also  used. 
If  the  artificial  charcoal  gets  damp,  it  is  liable  to  explode  with 
considerable  violence  on  heating,  from  the  impossibility  of 
the  steam  escaping  fast  enough ;  if  such  charcoal  is  slowly 
dried  out  for  several  hours  over  a  stove,  it  will  no  longer 
cause  trouble.     A  small  hole  is  bored  with  a  knife-blade 
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into  the  charcoal,  for  holding  the  assay,  which  is  moistened 
if  it  tends  to  blow  away.  Old  coats  are  scraped  off  with  a 
knife,  leaving  the  coal  ready  for  reuse. 

63.  Platinum  Wire, — For  holding  the  borax  beads, 
platinum  wire — No.  27  (or  jeweler's  hole  12^) — is  used,  as 
platinum  withstands  the  high  heat  and  is  unaffected  by  the 
reagents  or  flame.  Pieces  about  2  or  3  inches  long  are  used, 
held,  preferably,  in  special  wire-holders  that  are  made  for 
the  purpose  (costing  about  II),  or  else  one  end  is  fused  into 
a  short  piece  of  glass  tubing  for  a  handle,  or  held  in  the 
forceps. 

64.  Platinum  Foil. — For  testing  for  manganese  and 
chromium,  a  small  piece  of  platinum  foil  is  employed.  Care 
must  be  taken  not  to  fuse  metals  like  lead,  zinc,  tin,  nickel, 
copper,  or  silver  on  it,  nor  should  compounds  of  these 
metals  be  treated  on  platinum  foil  or  wire  in  the  R.  F.,  as 
the  metals  reduce  and  form  a  fusible  alloy  with  the  infusible 
platinum. 

65.  Forceps. — For  testing  the  fusibility  of  minerals, 
the    platinum-pointed   forceps  shown   in   Fig.  7  are   used; 


Fig.  7. 

they  have  a  pointed  steel  forceps  at  the  other  end  that  will 
be  found  very  convenient.  Sucji  forceps  cost  about  12.25  a 
pair. 

For  trimming  the  flame 
and    for    rough   work,    the  fig.  8. 

iroo  forceps  shown  in  Fig.  8  are  used.  They  cost  only  ten 
or  fifteen  cents. 

66.  Glass  Tubes. — Open  tubes^  of  hard  glass,  free 
from  lead,  from  -^V  to  \  inch  inside  diameter,  and  from  4  to 
6  inches  long  and  open  at  both  ends,  are  used  in  the  exami- 
nation of  substances  to  be  ignited  in  a  current  of  air.  The 
tube  is  sometimes  bent  slightly  an  inch  or  two  from  one  end, 
to  keep  the  body  under  examination,  which  is  placed  in  the 
bend,  from  falling  out. 
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Closed  tubes  are  used  for  the  ignition  of  bodies  in  a  lim- 
ited supply  of  air.  They  are  made  of  the  smaller  sizes  of 
tubing,  ^0  to  \  inch  bore,  and  closed  at  one  end.  They  are 
usually  made  by  heating  in  the  middle  a  tube  of  twice  the 
desired  length,  turning  it  slowly  in  the  flame  so  that  it  will 
be  uniformly  heated  all  the  way  around,  and  when  it  is  soft 
and  pasty,  pulling  it  out  at  both  ends,  into  two  closed  tubes. 
The  filament  of  glass  on  the  bottom  of  each  tube  can  be 
melted  up  into  the  tube  by  directing  the  flame  on  it  for  a 
moment,  giving  a  smooth  bottom. 

A  clean  tube  should  be  used  at  each  new  operation. 
Tubes  may  be  cleaned  by  swabbing  with  soft  paper  wrapped 
around  a  wire. 

67.  Matrasses. — Glass  matrasses  are  used  for  testing 
for  acids  by  fusion  with  potassium  bisulphate,  etc.,  and  are 

also  frequently  used  for  the  same  purposes  as  are 
closed  tubes.  They  are  of  the  form  shown  in  Fig.  9 
—  practically  only  a  closed  tube  with  the  closed  end 
blown  into  a  bulb.  An  ordinary,  straight,  closed 
tube,  about  4  inches  long  and  ^J^-inch  bore,  is  a  satis- 
factory substitute  for  a  matrass,  or  the  student  can 
blow  a  bulb  on  the  end  of  such  a  tube  and  have  a 
matrass  or  bulb  tube  which  will  answer  his  purpose 
fully  as  well  as  the  matrasses  he  might  buy.  For  holding 
matrasses,  special  holders  with  wooden  handles  are  made, 
but  a  strip  of  paper,  folded  lengthwise  several  times  and 
held  around  the  neck  of  the  matrass,  with  the  ends  serving 
as  a  handle,  will  answer  the  purpose. 

68.  Test  Tubes. — Test  tubes  are  used  in  making  wet 
tests,  boiling  in  acids,  effervescence,  etc.  They  are  straight 
glass  tubes,  closed  at  one  end  and  with  a  lip  on  the  open 
end,  and  are  made  of  thin,  hard  glass,  that  will  stand  con- 
siderable heat  without  cracking.  A  test-tube  rack,  in  which 
the  tubes  can  be  stood  upright,  is  also  necessary.  A  holder, 
for  holding  tubes  while  heating,  is  convenient,  but  a  slip  of. 
paper,  used  as  described  in  Art.  67,  will  answer. 
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ACCESSORY  APPARATUS. 

69.  Mortars, — A  small  agate  mortar  and  pestle  are 
used  for  reducing  materials  to  a  very  fine  powder.  The 
substance  should  be  powdered  by  grinding,  and  never 
pounded  in  this  mortar,  as  the  mortar  is  liable  to  be  dam- 
aged. 

A  diamond  mortar  and  pestle,  made  of  the  very  best  tool 
steel  and  very  hard,  are  used  for  crushing  minerals  and  for 
flattening  beads.     One  form  is  shown  in  Fig.  10.     The  bot- 
tom of  the  mortar  is  used  as  an 
anvil,    while    the    mortar     and 
pestle  are  used  for  crushing  hard 
and  brittle  minerals,  as  they  pre- 
vent the  loss  of  pieces  by  flying 
out.     Such  a  combined  anvil  and 
mortar  costs  from  t2  to  $4. 

70«     Hammer. — For  knock- 
ing chips  off  of  minerals,  flattening  beads,  stamping  cupels, 
etc.,  a  small   hammer   is   necessary.     Any  small,    square- 
headed  hammer,  with  sharp  corners  and  made  of  good  steel, 

will  do. 

71.  Pliers. — Cutting  pliers  are  useful 
in  detaching  fragments  from  mineral  speci- 
mens. 

72.  File. — A  small  three-edged  file  is 
necessary  for  cutting  glass  tubes. 

73.  Cupel    Mold    and    Stand. — For 

making  the  cupellation  assay,  special  iron 
or  steel  molds  [(«),  (^r).  Fig.  11]  are  used. 
After  filling  these  loosely  with  finely  ground 
bone-ash,  moistened  with  a  little  water  in 
which  a  little  carbonate  of  soda  has  been 
dissolved,  the  die  (b)  is  placed  on  top,  and  then  given  two 
or  three  smart  blows  with  a  hammer,  producing  a  nice, 
smooth  cupel.  Cupels  should  be  thoroughly  dried  before 
using.     The  mold  with  its  cupel  is  set  on  a  stand  (c)  with 
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a  wooden  base  while  cupelling.  After  the  cupellation  is 
completed,  the  old,  lead-soaked  bone-ash  is  scraped  out,  the 
mold  is  refilled  with  fresh  bone-ash,  and  a  new  cupel  is 
struck.  The  holder,  die,  and  set  of  two  molds  cost 
about  $1.50. 

74.     Maffnifylns-Glass. — An   indispensable   tool    for 
the  blowpiper  and  mineralogist  is  a  good  magnifying-glass, 

tand  the  most  serviceable  kind  for  his  purpose 
is  the  pocket  type  shown  in  Fig.  12,  which 
has  three  lenses  of  different  powers  that, 
combined,  make  a  very  strong  magnifier.     It 


75.     Magnet. — For   detecting   the  mag- 
netic metals,  it  is  necessary  to  have  a  magnet. 


mg.  12.  ^  small  horseshoe  or  bar  magnet  is  best,  but 
a  very  convenient  one  for  this  purpose,  and  also  for  the 
field  mineralogist,  is  a  magnetized  blade  of  a  pocket-knife, 
which  is  easily  made  by  stroking  the  blade  a  few  times, 
from  handle  to  point,  with  a  strong  magnet,  or  holding  the 
point  against  one  of  the  poles  of-  an  electric  dynamo. 

76*  ^Watch-s:la88es  and  porcelain  capsules  are  used 
for  testing  the  solubility  of  minerals,  and  are  supported  on 
rings  carried  by  the  lamp  rod,  or  else  on  a  wire  tripod.  The 
capsules  are  better  than  watch-glasses,  as  they  do  not  crack 
so  readily  in  heating.  The  substance  should  be  finely 
ground,  and  should  be  stirred  with  a  glass  rod  while  heating. 
The  acid  should  be  completely  driven  off,  as  sometimes  it  can 
not  be  told  whether  the  substance  has  been  affected  by  the 
acid  until  it  has  been  evaporated  and  redissolved  in  water. 

77,  Streak  Plate. — A  small  plate  of  unglazed  porce- 
lain is  very  convenient  for  obtaining  the  streak  of  minerals. 


BL.O'WPIPB   RBAGBNTS. 

78.  Borax. — The  most  important  blowpipe  flux  is 
borax,  which  makes  fusible  double  borates  of  soda  and  most 
of  the  metals.     As  most  metals  give  different  colored  borax 
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beads,  this  serves  to  distinguish  them,  though  other  tests 
should  be  made  to  confirm  the  metal  that  the  color  of  the 
borax  bead  indicates.  The  colors  from  the  same  metal  are 
usually  different  in  the  two  flames,  and  both  flames  should 
therefore  be  tried,  and  the  colors  noted  while  hot,  while 
cooling,  and  when  cold. 

Ordinary  borax,  on  heating,  at  first  puffs  up  and  swells 
greatly  from  the  slow  expulsion  of  the  water  of  crystalliza- 
tion that  it  contains;  this  should  be  driven  off,  and  the 
borax  heated  until  perfectly  quiet,  clear ^  and  colorless^  before 
adding  the  substance.  Borax-glass  (borax  which  has  been 
fused  and  then  ground  up)  or  calcined  borax  (borax  from 
which  the  water  has  been  driven  off  by  slowly  heating  to  a 
temperature  slightly  above  the  boiling-point  of  water)  may 
be  used.  Care  should  be  taken  that  the  bead  is  perfectly 
colorless,  as  dirt  left  upon  the  wire  from  a  previous  assay 
may  discolor  it  and  so  indicate  the  presence  of  metals  not 
contained  in  the  substance  to  be  tested.  In  case  the  wire  is 
dirty,  boiling  in  acid  will  clean  it ;  or,  if  that  is  not  conve- 
nient, making  several  beads,  heating  highly,  and  throwing 
off  the  dirty  bead  and  repeating,  will  wash,  or  rather  flux, 
the  wire  clean. 

79.  Salt  of  Phosphorus. — Salt  of  phosphorus  is  sim- 
ilar to  borax  in  its  action,  making  easily  fusible  double 
phosphates  of  soda  and  the  various  metals  that  usually  are 
differently  colored  for  the  different  metals.  In  most  cases 
the  colors  are  the  same  as  with  borax,  but  in  some  cases 
they  are  not.  It  boils  up  and  is  apt  to  drop  off  the  wire 
loop  on  first  heating,  from  the  expulsion  of  a  large  amount 
of  water  of  crystallization,  but  it  soon  quiets  down  to  a 
perfectly  clear,  colorless  bead.  As  with  borax,  the  substance 
should  be  added  only  after  it  has  fused  down  to  a  clear^ 
colorless  bead^  especially  noting  that  it  has  no  color  from  a 
dirty  wire  or  other  impurities.  The  name  is  abbreviated 
in  the  text  to  S.  P. 

80«  Soda. — For  testing  for  sulphur,  reducing  metals, 
etc.    the  bicarbonate  of  soda  {NaHCO^  is  employed.     The 
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name  is  usually  shortened  to  soda.  The  purest  must  be 
used,  otherwise  it  will  be  apt  to  give  a  sulphur  reaction; 
and  every  new  lot  should  be  tested  before  using  to  insure  its 
freedom  from  sulphur  (in  the  form  of  sulphate  of  soda).  On 
account  of  its  lightness,  it  is  apt  to  trouble  the  beginner  by 
blowing  off  of  the  charcoal;  but  if  a  very  gentle  flame  is 
blown  on  it  until  it  is  melted,  the  strong  blast  can  then  be 
used  without  any  trouble.  A  gas  flame  should  not  be  used 
in  testing  for  sulphur,  as  it  always  contains  enough  sulphur 
to  give  a  reaction. 

81.  Cobalt  Solution. — For  certain  tests,  a  dilute 
solution  of  nitrate  of  cobalt  is  employed.  The  substance  is 
moistened  with  the  solution  (preferably  with  a  dropping 
tube),  strongly  heated  on  charcoal  for  about  5  minutes,  and 
then  allowed  to  cool,  when  different  colors  result.  The 
colors  of  certain  minerals  under  this  test  are  very  charac- 
teristic. 

82.  Niter. — For  a  few  special  tests,  niter  (sodium  or 
potassium  nitrate)  is  employed  on  account  of  its  powerful 
oxidizing  effect.  While  either  potash  or  soda  niter  can  be 
employed,  the  former  is  better. 

83*  Copper  oxide,  in  the  form  of  a  powder,  is  used  in 
testing  for  the  haloid  (chlorine,  bromine,  and  iodine)  salts. 

84.  Bismuth  Flux. — For  testing  for  lead  and  bismuth, 
a  special  flux  is  made  up  of  one  part  each  of  iodide  and 
bisulphate  of  potash  and  two  parts  sulphur,  which  are  ground 
together.  Two  to  four  parts  (by  volume)  of  this  flux  are 
mixed  with  one  of  the  substance,  and  heated  on  charcoal, 
when  bismuth  gives  a  brick-red  coat,  and  lead  a  yellow  coat 
close  to  the  assay,  and  greenish  beyond.  The  flux  itself 
gives  a  white  coat,  but  does  not  interfere  with  the  above. 

85.  Test  Lread. — For  the  silver-cupellation  assay,  finely 
granulated  lead,  known  as  test  lead,  is  employed  to  collect 
the  silver  into  a  button  preparatory  to  cupelling.  It  usually 
contains  more  or  less  silver,  and  should  be  tested  by  cupella- 
tion  before  using. 
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86.  Bone-asli  is  employed  for  making  the  cupels ;  it  is 
made  of  calcined  bones,  hoofs,  and  horns,  ground  to  a  fine 
powder. 

87.  Tin. — For  obtaining  a  strong  reducing  action, 
finely  ground  metallic  tin  or  tin  shavings  are  sometimes 
used. 

88.  Bisulpliate  of  potasli  {KHSO^),  in  the  form  of 
crystals,  is  used  in  testing  for  acids. 

89.  Acids. — Hydrochloric  acid  {HCl)^  sulphuric  acid 
{H^SO^y  and  nitric  acid  {HNO^  are  necessary  in  blowpiping. 
As  a  rule,  the  strongest  sulphuric  acid  should  be  used,  while 
the  hydrochloric  and  nitric  acids  should  be  of  only  medium 
strength.  All  these  acids  should  be  kept  in  glass-stoppered 
bottles,  as  they  corrode  and  destroy  corks. 

90.  Hydriodic  Acid. — For  obtaining  a  very  charac- 
teristic series  of  bright-colored  coats  with  the  volatile  metals, 
hydriodic  acid  {HI)  is  employed  on  white  tablets  of  plaster 
of  Paris.  The  substance  is  placed  on  the  end  of  a  tablet, 
moistened  well  with  hydriodic  acid  (preferably  with  a  drop- 
ping tube),  and  then  heated  with  a  pure  blue  flame,  as  a 
yellowish  flame  would  smoke  the  white  tablet.  The  acid 
itself  gives  a  brownish  coat  of  iodine,  but  this  quickly  evap- 
orates and  leaves  the  bright  iodide  coats.  If  the  acid  can 
not  be  made  (by  passing  sulphureted  hydrogen  through 
water  containing  iodine  crystals  until  a  clear  solution  is 
obtained)  or  purchased,  a  substitute  that  will  answer,  though 
not  so  well,  is  to  dissolve  iodine  in  alcohol,  or  else  fuse  equal 
parts  of  iodine  and  sulphur  together  and  grind  to  a  powder; 
the  latter  is  a  solid,  and  much  more  convenient  in  traveling 
than  the  liquid  acid  or  spirits  of  iodine. 

91.  Litmus  paper  is  necessary  to  test  for  alkalies  and 
acids,  the  blue  turning  red  for  acids^  and  the  red  turning 
blue  for  alkalies.  It  will  be  found  convenient  to  use  it  cut 
up  in  the  form  of  strips. 

92.  Turmeric  paper  has  a  fine  yellow  tint,  and  is 
used  to  detect  boron  and  zirconium,  and  the  alkalies.     The 
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test  for  boron  is  very  delicate.  If  a  piece  of  the  paper  be 
moistened  with  a  dilute  solution  of  a  boron  mineral  in  HCl 
and  then  dried  at  boiling  temperature  by  wrapping  around  a 
test  tube  of  boiling  water,  it  assumes  a  reddish-brown  color, 
becoming  inky-black  if  moistened  with  ammonia.  Moistened 
with  a  solution  of  any  zirconium  mineral  in  HCl  it  turns 
orange-red.     Alkalies  turn  it  brownish-red. 

93.  Brazll-ivood  paper  is  used  to  detect  fluorine, 
which  gives  it  a  straw-yellow  color;  also  to  detect  the  alka- 
lies, which  color  it  violet. 

The  list  of  reagents  could  be  almost  indefinitely  extended. 
The  most  important  and  most  frequently  used  have  been 
given  above.  There  are  others  which  are  used  only  in 
special  tests  and  need  not  be  dwelt  on  here. 

Reas:eiit  Box. — The  dry  or  solid  reagents  can  be  con- 
veniently kept  in  a  block  of  wood,  say  2'  X  2'  X  8'  in  size, 
in  which  ^-inch  holes  have  been  bored.  Common  corks 
can  be  used  for  stoppers,  and  the  name  of  the  flux  written 
on  top  of  them  or  on  the  box.  Such  a  reagent  box  can  be 
purchased  for  about  II,  but  it  is  easily  made.  Small  pill- 
boxes or  vials  may  be  used  instead  of  the  block  of  wood. 


EXAMINATION  OF  A  SUBSTANCE  BEFORE  THE 

BLOW^PIPE. 

94.  Plattner  has  recommended  the  following  order  of 
examination : 

{a)     Examination  ivltliout  reagents  : 

1.  Heating  in  a  small  matrass  or  in  a  closed  tube^  to 
observe  whether  the  substance  is  hydrous  or  anhydrous; 
whether  it  gives  off  volatile  products ;  whether  it  decrepi- 
tates, or  is  phosphorescent,  or  changes  color,  etc. 

2.  Heating  in  an  open  tiibe^  to  observe  whether  any  con- 
stituent is  present  which  oxidizes  on  ignition  in  a  current  of 
air ;  and  if  vapors  are  given  off,  attention  should  be  paid  to 


§  34  BLOWPIPING.  37 

their  odor  and  to  the  sQblimates  they  form  on  the  inner 
surface  of  the  tube,  etc. 

3.  Heating  on  cfiarcoal^  to  observe  the  characteristic 
alterations  which  substances  undergo  in  both  the  oxidizing 
and  reducing  flanges;  whether  metallic  constituents  are 
present  which  volatilize  and  form  coats  on  the  coal ;  and  to 
observe  the  odor  after  a  short  exposure  to  heat,  etc. 

4.  Heating  in  platinum  forceps^  to  test  the  fusibility,  and 
to  observe  the  colorations  of  the  flame,  etc. 

{b)     Examination  ivltti  tlie  aid  of  reas:ents : 

1.  Treatment  with  a  weak  solution  of  nitrate  of  cobalt  of 
infusible  or  nearly  infusible  substances  of  a  light  color,  to 
observe  what  color  is  imparted  to  them. 

2.  Fusion  with  borax^  to  observe  the  colors  imparted  to 
the  bead,  etc. 

3.  Fusion  with  salt  of  phosphorus ^  to  observe  the  colors 
imparted  to  the  bead,  etc. 

4.  Treatment  luith  carbonate  of  soda  on  charcoal,  to  effect 
the  reduction  of  any  metallic  oxides  present,  which  can 
thus  be  more  easily  accomplished  than  by  the  use  of  the 
reducing  flame  alone. 

In  all  the  above  operations  the  smallest  possible  amount 
of  the  substance  to  be  examined,  consistent  with  the  success 
of  the  reactions,  should  be  used.  The  substance  should,  in 
most  cases,  be  finely  powdered.  The  blowpipe  lamp  should 
be  set  on  a  piece  of  stout  wrapping-paper,  or  glazed  paper, 
if  convenient,  so  that  the  assay  may  not  be  lost  if,  through 
carelessness,  it  is  allowed  to  fall.  The  operations  in  blow- 
piping  should  be  conducted  in  the  daytime  and  in  a  good 
light. 

95.  The  closest  observation  will  be  found  necessary  for 
the  detection  of  the  various  reactions,  and  the  student  is 
advised  to  begin  with  simple  substances  whose  exact  com- 
position is  known,  so  that  he  may  fix  in  his  mind  their 
characteristic  behavior  when  treated  with  and  without 
reagents. 

N.  M,    11,-^17 
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I.    HBATING  IN  A  CL.OSBD  TUBB. 

96.  The  substance  in  a  finely  powdered  state  is  placed 
in  the  bottom  of  a  tube  sealed  at  one  end,  care  being  taken 
that  none  of  it  adheres  to  the  inner  surface  of  the  tube.  It 
may  be  introduced  by  placing  it  first  in  a  paper  trough, 
holding  the  tube  horizontal,  then  pushing  the  trough  in  the 
tube  clear  to  the  bottom,  and  finally  bringing  the  tube  to  a 
vertical  position  and  carefully  withdrawing  the  trough. 
The  tube  is  now  held  in  a  slightly  inclined  position  over  the 
flame  and  heated,  gently  at  first,  and  then,  if  necessary, 
more  intensely,  before  the  blowpipe.  The  successive  phe- 
nomena are  closely  observed  and  noted ;  thus : 

1.  The  substance  decrepitates,  as  fluorite,  barite,  etc. 

2.  The  substance  is  phosphorescent,  as  fluorite,  apatite, 
etc. 

3.  The  substance  changes  color,  and  nothing  volatilizes 
except,  perhaps,  a  little  water,  as  zincite  and  cerussite, 
which  turn  yellow,  and  malachite  and  siderite,  which  turn 
black. 

4.  The  substance  fuses,  as  stibnite,  etc. 

5.  The  substance  gives  off  oxygen,  as  psilomelane ;  told 
by  placing  a  bit  of  charcoal  in  the  tube,  heating  it  first  and 
then  heating  the  assay,  whereupon  the  charcoal  will  glow 
brightly. 

6.  The  substance  yields  water,  which  condenses  in  the 
upper  and  cooler  portions  of  the  tube,  as  limonite,  etc. 

7.  The  residue  is  magnetic,  as  in  the  case  of  siderite 
{FeCO^)^  pyrite  {FeS^^  etc. 

8.  The  substance  gives  sublimates  which  condense  on 
the  cold  part  of  the  tube. 

{a)  Sulphur. — A  sublimate,  dark  yellow  to  reddish- 
brown  while  warm,  pure  sulphur-yellow  when  cold;  this 
indicates  the  presence  of  sulphur  either  originally  free  or  in 
combination  as  a  sulphide^  as  in  the  case  of  metallic  sul- 
phides, like  pyrite  {FeS^  and  chalcopyrite  {CuFeS^. 

{b)    Arsenic. — A  sublimate,  dark  brownish-red  to  almost 


§  34  BLOWPIPING.  39 

black  while  warm,  orange-red  or  reddish-yellow  to  red  when 
cold;  this  indicates  the  presence  of  sulphide  of  arsenic^  as  in 
the  case  of  realgar  {^AsS)  and  orpiment  (^j,5,),  or  in  com- 
binations of  metallic  sulphides  and  arsenides,  like  arseno- 
pyrite  {^FeS^-^-FeAs^^  or  FeAsS).  A  sublimate  of  a  black, 
brilliant  luster,  having  a  garlic  odor;  this  indicates  metallic 
arsenic,  as  in  the  case  of  native  arsenic,  arsenous  and  arsenic 
oxides,  and  various  arsenides.  The  test  may  be  made  very 
delicate  by  placing  a  splinter  of  charcoal  in  the  tube  above 
the  assay,  and  first  heating  this  red-hot  and  then  heating  the 
assay.  The  volatilized  arsenous  oxide  will  be  reduced  in 
passing  over  the  glowing  carbon,  and  will  deposit  a  black 
mirror  of  metallic  arsenic  just  above  the  charcoal.  This 
test  will  distinguish  arsenic  when  combined  with  antimony, 
as  the  latter  gives  no  mirror  under  these  circumstances. 

{c)  Antimony. — ^A  sublimate  when  the  substance  is 
strongly  heated,  condensing  just  above  the  assay,  black 
when  hot,  cherry-red  to  brownish-red  when  cold ;  this  indi- 
cates the  presence  of  sulphide  of  antimony^  as  in  the  case  of 
stibnite  {Sb^S^^  or  of  compound  sulphides  of  antimony  aild 
some  other  metal  or  metals,  like  pyrargyrite  or  ruby  silver 
ore  {Ag,SbS,,  or  3^^.5+  Sb,S,). 

(^/)  Mercury. — A  sublimate,  dull  black  when  cold, 
which  becomes  red  when  rubbed  with  a  splinter  of  wood ; 
this  indicates  the  presence  of  sulphide  of  mercury,  as  in 
cinnabar  [HgS)^  or  where  other  metallic  sulphides  are  com- 
bined with  sulphide  of  mercury,  as  in  mercuriferous  tetra- 
hedrite.  A  sublimate  of  a  lustrous  gray  color,  consisting  of 
metallic  globules  (use  a  lens)  which  can  be  rubbed  together 
with  a  splinter;  this  indicates  metallic  mercury,  as  in  case 
of  amalgams. 

(e)  Selenium. — ^A  sublimate  of  a  dark  red  to  an  almost 
black  color,  having  the  odor  of  decaying  horseradish ;  this 
indicates  the  presence  of  selenium,  as  in  the  case  of  various 
selenides. 

(y )  Tellurium. — A  sublimate  of  metallic  luster,  which 
condenses  in  small  drops  in  the  upper  end  of  the  tube;  this 
indicates  tellurium,  as  in  the  case  of  various  tellurides. 
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(The  reactions  in  the  closed  tube  for  non-volatile  metallic 
sulphides  and  those  which  contain  a  low  proportion  of 
sulphur,  for  non-volatile  arsenides  and  those  containing 
only  one  atom  of  arsenic  for  two  atoms  of  the  metal,  and 
also  for  tellurides  and  antimonides,  are  very  uncertain,  and 
sometimes  there  are  none  at  all.) 


II.  HBATING  IN   THB  OPBN  TUBB. 

97.  In  the  open  tube  the  substance  is  heated  in  a  cur- 
rent of  air,  and  hence  is  subjected  to  an  oxidizing  or  roast- 
ing action;  whereas  in  the  closed  tube  the  substance  was 
heated  in  a  very  limited  supply  of  air  and  volatilized  without 
oxidation.  This  constitutes  the  difference  between  the  two 
chemical  reactions. 

In  heating  in  the  open  tube,  care  must  be  taken  to  proceed 
by  gently  heating  the  substance  at  first,  and  gradually 
increasing  -the  heat,  otherwise  some  substances  will  volatil- 
ize at  once  without  oxidation,  and  will  give  reactions  similar 
to  those  in  the  closed  tube.  Straight  tubes  are  generally 
used,  as  they  are  easier  cleaned,  but  the  beginner  may  make 
a  slight  bend  in  the  tube  about  an  inch  from  the  end,  at 
which  point  the  assay  is  to  be  placed.  The  current  of  air 
is  started  up  through  the  tube  by  warming  it  just  above  the 
assay  first,  afterwards  bringing  the  flame  immediately  under 
it.  A  small  fragment  of  the  substance,  about  the  size  of  a 
grain  of  wheat,  is  used,  but  in  case  it  decrepitates  or  gives 
unsatisfactory  results,  it  shquld  be  powdered,  and  an  equiva- 
lent bulk  of  the  powder  used. 

When  examining  a  substance,  it  is  advisable  to  have  a 
moistened  piece  of  litmus  paper  in  the  top  of  the  tube,  and 
the  effect  of  the  vapors  upon  it  should  be  noted. 

98.  The  effects  of  the  heating  should  be  observed  exactly 
as  in  the  closed  tube,  and  many  of  the  phenomena  will  be 
found  identical.  Many  substances  which  were  not  volatile 
in  the  closed  tube,  however,  here  become  oxidized,  and 
escape,  some  as  gases,  recognized  by  their  characteristic  odor 
and  their  action  upon  litmus  paper;  others  as  sublimates 
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which  condense  in  the  cool  part  of  the  tube  at  varying 
distances  from  the  assay. 

The  following  are  the  most  important  open  tube  tests: 

(a)  Sulphur. — Metallic  sulphides  and  substances  con- 
taining even  trifling  amounts  of  sulphur  yield  sulphurous 
anhydride,  which  is  recognized  by  its  sulphurous  odor  and 
by  reddening  moistened  blue  litmus  paper. 

{i)  Selenium. — Selenides  and  substances  containing 
even  small  amounts  of  selenium  yield  a  gaseous  oxide  of 
selenium  having  the  characteristic  odor  of  decaying  horse- 
radish. If  there  be  much  selenium  present,  a  steel-gray 
sublimate  is  formed  near  the  assay,  the  sublimate  becoming 
red  at  a  greater  distance  from  it. 

{c)  Arsenic. — Metallic  arsenic  and  arsenides  containing 
much  arsenic  yield  a  white  crystalline  sublimate  of  arsenous 
acid,  which  is  very  volatile,  and  hence  is  at  quite  a  distance 
from  the  assay.  This  reaction  requires  only  a  moderate 
heat. 

{d)  Antimony. — Most  compounds  of  antimony  yield, 
at  firsts  a  dense  white  smoke,  consisting  mostly  of  pure 
oxide  of  antimony,  which  passes  through  the  whole  length 
of  the  tube,  partly  condensing  on  the  upper  side  of  the  tube 
and  partly  escaping.  This  coat  is  volatile  and  may  be  driven 
off  by  again  heating  to  redness.  Afterwards  a  white,  non- 
volatile, infusible  sublimate,  which  consists  of  a  combination 
of  oxide  of  antimony  and  antimonic  acid,  gathers  on  the 
lower  side  of  the  tube.     This  sublimate  is  yellowish  while  hot. 

{e)  Tellurium. — Most  compounds  of  tellurium  yield 
tellurous  acid,  which  passes  through  the  tube  and  condenses 
into  a  sublimate;  this  sublimate  can  be  fused  into  colorless 
drops,  which  solidify  on  cooling,  distinguishing  it  from  the 
corresponding  antimony  coat. 

(/)  Mercury. — Most  compounds  of  mercury  yield  a 
bright  metallic  sublimate  consisting  of  small  globules  of 
metallic  mercury,  which  can  be  rubbed  into  a  big  drop  with 
a  splinter  of  wood.  A  moderate  heat  is  sufficient  for  this 
reaction. 
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(^)  Lread. — Sulphide  of  lead  yields,  in  addition  to  sul- 
phurous acid,  a  white  sublimate  of  sulphate  of  lead,  which 
condenses  on  the  bottom  of  the  tube,  and  when  heated 
strongly,  fuses  to  yellow  drops,  which  are  white  when  cold. 

(//)  Bismuth. — Most  compounds  of  bismuth  yield  a 
sublimate  of  oxide  of  bismuth,  which  condenses  near  the 
assay,  and  is  fusible  to  drops  which  are  brown  when Jiot  and 
dark-yellow  when  cold. 

(/)  Molybdenum. — Sulphide  of  molybdenum  yields,  in 
addition  to  sulphurous  acid,  a  thin,  white,  crystalline  sub- 
limate, fusible  to  drops  which  are  yellowish  while  hot  and 
nearly  colorless  when  cold.  When  the  R.  F.  is  directed 
upon  them,  they  become  blue,  or  even  copper-red,  from 
reduction.     High  heating  is  necessary  for  this  reaction. 


III.    HBATING  ON  CHARCOAL. 

99.  A  fragment  of  the  substance  is  placed  in  a  shallow 
cavity  in  the  charcoal  and  the  flame  directed  downwards 
upon  it.  Its  behavior  in  both  flames  is  observed.  If  the 
mineral  decrepitates,  it  will  be  found  necessary  to  powder  it 
and  make  it  into  a  paste  with  water;  this  is  placed  on  the 
charcoal  and  heated,  slightly  at  first,  and  then  more 
intensely.  If  any  difficulty  is  encountered,  when  infusible 
and  non-volatile  substance^  are  treated,  in  keeping  the  assay 
in  its  place  sufficiently  long  to  observe  its  behavior  fully,  it 
will  be  found  advantageous  to  heat  the  fragment  to  redness 
and  then  touch  it  to  a  grain  of  borax.  The  borax  attaches 
itself  to  the  fragment,  and  both  are  put  on  the  charcoal  and 
heated.  The  borax  melts  and  adheres  to  the  charcoal,  keep- 
ing the  assay  in  place. 

100.  The  characteristic  phenomena  to  be  observed  are 
the  odor  after  short  exposure  to  the  heat,  the  fusibility  of 
the  substance,  the  character  of  the  residue,  and  the  subli- 
mates, or  coats,  formed  at  a  distance  from  the  assay.  The 
color  of  the  coats  must  be  closely  observed,  both  while  hot 
and  when  cold ;  it  should  be  noted  at  what  distance  from 
the  assay   they   condense,    whether   they  disappear   when 
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either  O.  F.  or  R.  F.  is  directed  against  them,  and  how 
they  color  the  flame. 

The  following  are  the  most  important  and  characteristic 
reactions: 

(a)  Selenium  melts  easily ;  yields  brown  fumes  in  both 
O.  F.  and  R.  F.,  which  deposit  near  the  assay  as  a  steel- 
gray  coat  with  a  feeble  metallic  luster,  and  at  a  somewhat 
greater  distance  as  a  dark-gray,  dull  coat.  The  coat  is 
volatile  in  both  flames,  and  when  treated  with  the  R.  F.,  it 
disappears  with  a  fine  azure-blue  flame.  The  odor  of  decay- 
ing horseradish  is  strongly  perceptible  throughout  the  entire 
operation. 

(d)  Tellurium  melts  easily ;  volatilizes  in  fumes  in  both 
flames;  and  coats  the  coal  at  no  great  distance  from  the 
assay.  The  coat  is  white,  with  a  red  or  dark-yellow  border, 
and  is  volatile  in  both  flames.  Under  the  R.  F.  the  coat 
disappears  with  a  green  flame.  In  the  presence  of  selenium, 
the  flame  is  bluish-green. 

{c)  Arsenic  volatilizes  without  fusing,  and  coats  the  coal 
in  both  flames.  The  coat  is  white,  appearing  grayish  when 
thin,  and  it  forms  at  a  distance  from  the  assay.  It  can  be 
easily  driven  off  by  simply  warming  with  either  flame,  and 
if  rapidly  treated  in  the  R.  F.,  it  disappears,  coloring  the 
flame  a  pale  blue.  During  the  volatilization  of  arsenic  in 
the  R.  F.,  a  strong  alliaceous,  or  garlic,  odor  is  evolved. 

(d)  Antimony  melts  easily,  and  forms  a  coat  with  both 
flames.  The  coat  is  white,  bluish  when  in  thin  layers,  and 
is  not  as  distant  from  the  assay  as  the  arsenic  coat.  It  is 
volatile  in  both  flames,  and  disappears  when  treated  with 
the  R.  F.,  tingeing  the  flame  pale  green. 

{e)  Lead  melts  easily,  coating  the  coal  with  oxide  in 
both  flames.  The  coat  is  dark  lemon-yellow  while  warm, 
sulphur-yellow  when  cold,  and  bluish-white  when  in  thin 
layers.  The  coat  is  volatile  in  both  flames,  and  disappears 
in  the  R.  F.,  coloring  the  flame  azure  blue. 

(/)  Bismuth  melts  easily,  coating  the  coal  with  oxide 
in  both  flames.     The  coat  is  dark  orange-yellow  while  hot 
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and  lemon-yellow  when  cold,  being  yellowish  white  in  thin 
layers.  It  is  volatile  in  both  flames,  but  does  not  color  the 
reducing  flame. 

(^)  Cadmium  melts  very  easily,  and  burns  in  the  O.  F. 
with  a  dark  yellow  flame  and  brown  fumes  which  coat  the 
coal  rather  near  the  assay.  Next  to  the  assay  the  coat  is 
thick,  crystalline,  and  of  a  very  dark,  almost  black,  color; 
farther  off  it  is  reddish-brown ;  and  when  in  thin  layers,  it 
is  of  an  orange-yellow  color.  In  appearance,  the  coat  is 
iridescent,  like  a  peacock's  feather.  It  is  volatile  in  both 
flames,  but  gives  no  coloration  to  them. 

(A)  Zinc  melts  easily,  and  burns  in  the  O.  F.  with  a 
strongly  luminous,  greenish-white  flame,  and  forms  a  white 
coat.  The  coat  is  near  the  assay,  and  is  yellow  while  hot 
and  white  when  cold.  In  the  O.  F.  this  coat  is  luminous, 
but  not  volatile.     It  is  volatilized  very  slowly  in  the  R.  F. 

(/)  Tin  melts  easily,  and  forms  in  the  O.  F.  an  oxide 
which  covers  the  assay,  and  can  be  mechanically  blown 
away.  In  the  R.  F.  the  metal  becomes  lustrous,  and  forms 
a  coat  which  is  pale  yellow  while  warm  and  white  when 
cold,  and  is  so  close  to  the  assay  that  it  borders  upon  it.  It 
can  not  be  driven  off  by  either  flame. 

{j)  Molybdenum  is  infusible.  In  the  O.  F.  it  gradu- 
ally oxidizes  and  forms  a  coat  near  the  assay,  yellowish  and 
sometimes  crystalline  while  hot  and  white  when  cold. 
When  touched  for  an  instant  with  the  R.  F.,  a  dark  blue 
color  is  given  to  the  coat.  The  flame  in  this  case  must  not 
be  too  hot.  In  the  O.  F.  the  coat  is  volatile,  but  leaves  a 
red  stain  on  the  coal  which  is  not  further  affected. 

(k)  Sliver  melts  easily.  In  a  powerful  O.  F.,  gives  a 
slight  reddish-brown  coat  of  oxide.  If  a  little  lead  is  pres- 
ent, the  yellow  coat  of  oxide  of  lead  is  formed,  and  then  the 
reddish-brown  silver  coat  is  formed  just  outside  of  this. 
With  antimony  the  white  coat  of  oxide  of  antimony  is  first 
formed,  which  becomes  red  on  continued  blowing.  With  a 
little  of  both  antimony  and  lead  present,  a  copious  carmine- 
red  coat  is  formed  after  the  antimony  and  lead  are  mostly 
volatilized. 
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The  sulphides,  chlorides,  iodides,  and  bromides  of  potas- 
sium, sodium,  rubidium,  caesium,  and  lithium  give  less 
copious  white  sublimates,  similar  to  those  of  many  of  the 
foregoing  metals,  while  the  salts  fuse  and  are  absorbed  by 
the  coal.  In  every  case  these  coats  disappear  before  the 
R.  F. ,  coloring  it  with  their  several  individual  and  charac- 
teristic colors. 


IV.    TEST    OF    FUSIBILITY. 

lOl.  For  arriving  at  th^  comparative  or  relative  fusi- 
bility of  minerals,  the  following  scale,  arranged  by  Von 
Kobell,  is  employed  : 

1.  Stibnite;  fuses  easily  in  a  candle-flame  in  coarse 
splinters. 

2.  Natrolite;  fuses  in  the  candle-flame  only  in  fine 
splinters. 

3.  Garnet  (the  red  almandite  variety) ;  fuses  easily  before 
the  blowpipe  in  coarse  splinters. 

4.  Actinolite;  fuses  with  slight  difficulty  B.  B.*  in  coarse 
splinters. 

5.  Orthoclase;  fuses  B.  B.  only  in  fine  splinters. 

6.  Serpentine;  almost  infusible ;  rounded  on  the  edges  in 
very  fine  splinters  (use  a  lens). 

7.  Quartz;  infusible,  even  on  thinnest  edges. 

102»  In  using  this  scale,  the  hottest,  or  oxidizing,  flame 
should  be  employed,  and  the  thinnest  possible  splinters  of 
the  mineral  tested.  The  splinter  should  be  held  in  the  tip 
of  the  platinum-pointed  forceps,  which  are  best  ground  to 
a  sharp,  thin  point,  so  as  to  conduct  away  as  little  heat  as 
possible.  If  the  substance  decrepitates  so  that  a  splinter  of 
it  can  not  be  used,  it  should  be  ground  to  a  powder  and 
mixed  with  water  into  a  paste.  It  is  then  spread  out  in  a 
thin  layer  on  the  coal,  and  heated,  slowly  and  gently  at 
first,  and  finally  more  strongly,  until  the  mass  forms  a  thin, 


*B.  B.  means  "Before  the  Blowpipe. 


» 
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coherent  plate,  which  can  be  held  in  the  forceps  and  tested 
in  a  pure  O.  F. 

The  various  gradations  of  fusibility  are  expressed  in  deci- 
mals, thus:  B.  B.  beryl  becomes  clouded,  and  fuses  at  5.6; 
which  means  that  in  fusibility  it  is  midway  between  ortho- 
clase  and  serpentine. 


V.    COLORATION    OF    THB    FLAMB. 

1 03.  Many  substances  give  characteristic  colorations  to 
the  flame.  A  pure  O.  F.  which  is  entirely  free  from  yellow 
streaks  should  be  used.  Either  a  thin  splinter  of  the  mineral 
is  used,  as  in  testing  for  fusibility,  or  the  fragment  is  pow- 
dered, and  the  loop  or  flattened  end  of  a  platinum  wire, 
moistened  by  dipping  into  pure  water  or  HCl^  is  touched  to 
the  powder  and  then  introduced  into  the  flame.  Often  a 
mere  trace  of  mineral,  such  as  will  adhere  to  a  dry  wire,  will 
give  much  better  results  than  a  larger  fragment,  which  is 
difficult  to  get  hot  enough  to  volatilize. 

The  greatest  care  should  be  observed  in  these  tests  that 
no  foreign  material  adheres  to  the  forceps  or  platinum  wire. 
They  should  be  chemically  clean,  and  when  heated  alone  in 
the  flame  should  give  no  coloration  to  it.  This  cleaning  is 
effected  by  dipping  while  hot  into  hydrochloric  acid,  and 
then  rinsing  with  distilled  water.  Drawing  the  wire  through 
the  fingers  or  wetting  with  saliva  is  to  be  avoided,  and 
likewise  too  much  handling  of  the  specimen  to  be  tested, 
since  in  so  doing  it  becomes  slightly  coated  with  soda,  which 
gives  a  very  characteristic  yellow  coloration  to  the  flame. 
If  the  specimen  is  to  be  powdered,  the  mortar  and  pestle 
should  both  be  thoroughly  washed  before  using. 

Some  substances  when  heated  alone  in  the  flame  give 
only  slight  colorations,  or  none  at  all,  in  which  case  they 
are  moistened  with  sulphuric  acid  and  heated  again.  By 
this  means  the  colorations  of  the  flame,  as  in  the  case  of 
phosphoric  and  boric  acids,  become  evident. 

Table  II  gives  the  various  colors  and  the  minerals  which 
impart  them. 
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BXAMINATION    WITH    COBALT    SOLUTION. 

104.  The  cobalt  test  is  applicable  only  to  those  sub- 
stances which  are  of  a  light  color,  either  before  or  after 
ignition^  and  are  infusible,  or  nearly  so. 

If  the  substance  will  absorb  the  solution,  a  splinter  or 
fragment  of  it  is  moistened  with  the  solution,  and  then 
strongly  ignited  in  the  O.  F.  Friable  substances  and  crys- 
talline substances  which  are  too  dense  to  absorb  the  solu- 
tion, are  powdered,  made  into  a  paste  with  water,  and 
spread  upon  the  charcoal.  They  are  then  gradually  heated 
until  a  coherent  crust  is  formed,  which  is  moistened  with 
the  solution  and  ignited  in  the  O.  F.  The  colorations 
imparted  to  the  assay  are  then  closely  observed  in  a  good 
light.  The  various  coats  on  charcoal  may  likewise  be 
tested  in  this  way  by  moistening  with  a  drop  of  the  solu- 
tion and  gently  igniting  in  the  O.  F. 

The  colors  thus  obtained  are : 

1.  From  magnesia,  flesh-red. 

2.  From  baryta,  brownish-red. 

3.  From  alumina  and  silica,  blue. 

4.  From  the  oxides  of  zinc,  green  (yellowish-green); 
from  tin  (bluish-green) ;  titanic  acid  (yellowish-green) ;  anti- 
monic  acid  (dirty,  dark  green). 

5.  From  strontia  and  lime,  gray. 

Various  other  elements  give  more  or  less  peculiar  colora- 
tions with  the  cobalt  solution,  but  only  the  colorations  for 
alumina,  magnesia,  zinc,  and  tin  are  to  be  at  all  relied  upon. 
This  test  for  alumina  and  magnesia  is  infallible  when  they 
are  in  the  pure  state,  and  also  in  many  of  their  combina- 
tions. Silicates  of  zinc,  on  strong  heating,  give  an  ultra- 
marine blue,  from  the  silica,  instead  of  the  zinc  green.  The 
blue  of  alumina  is  not  to  be  confounded  with  the  blue  of 
silica.  The  blue  of  the  silica  almost  always  appears 
fused  on  careful  examination,  while  the  blue  of  alumina  is 
dull.  The  blue  of  the  silica  also  appears  only  after  intense 
ignition,  and  it  is  therefore  well  if,  after  moderate  heating, 
the  substance  shows  no  blue,  to  discontinue  the  heating 
before  fusion. 
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ROASTING. 

106*  When  borax  and  salt  of  phosphorus,  or  microcos- 
mic  salt,  as  the  latter  is  sometimes  called,  are  fused  with 
certain  metallic  oxides,  they  exert  a  powerful  solvent  action 
upon  them,  and  highly  colored  glasses  are  formed  which  are 
exceedingly  characteristic. 

106.  It  is  essential,  in  the  bead  tests,  when  the  pre- 
liminary examination  of  the  substance  has  shown  the  pres- 
ence of  sulphur  or  arsenic,  that  these  elements  be  removed, 
as  they  interfere  with  the  reactions.  This  is  effected  by 
roasting,  which  is  conducted  in  the  following  manner; 

The  finely  pulverized  material  is  placed  in  a  shallow  cav- 
ity on  charcoal  and  pressed  flat  with  a  knife-blade,  forming 
a  thin  layer.  The  assay  is  then  treated  with  a  feeble  O.  F. 
so  that  only  the  tip  of  the  flame  touches  it.  It  is  thus  heated 
and  kept  for  some  time  at  a  low,  red  heat,  during  which 
operation  most  of  the  sulphur  is  volatilized  as  sulphurous 
oxide  {SO^),  and  the  metals  are  oxidized.  This  sulphurous 
oxide  has  a  tendency  to  change  into  sulphuric  oxide  at  the 
expense  of  the  already  forming  metallic  oxides,  and  these 
are  converted  into  sulphates,  and  if  arsenic  be  present,  into 
arsenates.  When,  therefore,  the  odor  of  sulphurous  oxide 
has  disappeared,  the  assay  is  treated  to  a  feeble  R.  F.,  which, 
for  the  most  part,  reduces  the  sulphates  and  arsenates  thus 
formed,  and  the  arsenic  is  more  or  less  completely  volatil- 
ized. When  the  arsenical  odor  is  no  longer  apparent,  a 
feeble  O.  F.  is  again  used,  which  generally  causes  a  slight 
odor  of  sulphurous  oxide.  The  assay  which  is  thus  baked 
together,  duf  not  fused,  is  turned  with  a  knife-blade,  and  the 
other  side  treated  alternately  to  the  O.  F.  and  R.  F.  in  the 
same  way.  The  coherent  mass,  after  this  treatment,  is 
removed  and  powdered  in  a  mortar,  and  since  it  is  not 
entirely  free  from  sulphates  and  arsenates,  and,  if  it  has  not 
been  carefully  roasted,  may  even  contain  slight  quantities 
of  sulphides  and  arsenides,  it  is  replaced  on  the  charcoal,  and 
subjected  to  still  further  roasting. 

If  the  assay  fuses^  it  must  be  removed  from  the  coal, 
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powdered  in  a  mortar,  and  then  replaced  on  the  coal  and 
roasted. 

Substances  containing  selenium,  tellurium,  and  antimony, 
if  free  from  sulphur  and  arsenic^  usually  need  not  be  roasted, 
since  these  elements  do  not  interfere  with  the  reactions. 


FVSION  mriTH  BORAX. 

107.  In  tlie  O,  F. — ^A  clean  platinum  wire,  in  one  end 
of  which  a  small  loop  has  been  made,  is  heated  to  redness 
and  the  loop  dipped  in  borax  powder,  which  will  adhere  to 
it.  The  borax  is  then  heated  until  it  fuses  to  a  transparent, 
colorless  bead.  This  bead,  while  still  hot,  is  brought  in  con- 
tact with  a  very  small  quantity  of  the  substance  to  be  tested, 
and  heated  before  the  blowpipe  in  the  O.  F. 

The  phenomena  attending  the  solution  of  the  substance  in 
the  borax  must  be  closely  observed,  whether  it  dissolves 
slowly  or  rapidly,  quietly  or  with  effervescence ;  and  when 
the  solution  is  effected,  the  color  of  the  bead  must  be  care- 
fully noted  while  hot  (not  red  hot,  but  still  soft  and  pasty), 
while  cooling,  and  when  cold,  as  well  as  whether  its  trans- 
parency is  disturbed  upon  cooling.  The  bead  is  held  before 
the  eyes  against  the  light.  A  lamp  light  will  not  do,  as  the 
colors  are  greatly  modified,  and  the  experiments  must  be 
conducted  in  the  daytime. 

The  intensity  of  the  colors  depends  upon  the  degree  of 
saturation  of  the  bead.  It  is  well  at  first  to  use  the  small- 
est possible  quantities  of  the  substances  to  be  tested,  and 
afterwards  increase  them  by  successive  additions  until  a  sat- 
isfactory degree  of  saturation  is  obtained.  If  too  much  of 
the  substance  has  been  used,  and  the  bead  is  so  deeply 
colored  that  it  is  difficult  to  decide  what  color  it  has,  it  may 
be  flattened,  while  still  hot  or  pasty,  on  an  anvil  with  the 
butt  end  of  the  blowpipe ;  or  a  portion  of  the  bead  may  be 
thrown  off  the  wire  by  a  sudden  jerk,  and  the  remaining 
portion  diluted  with  more  borax.     If  the  operator  is  in  doubt 
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as  to  the  color,  the  bead  should  be  viewed  through  a  lens, 
and  compared  with  beads  of  known  color.  In  fact,  this  is 
the  only  resource  for  men  who  are  at  all  "color-blind." 

108.  In  tlie  R.  F. — After  the  phenomena  in  the  O.  F. 
are  carefully  noted,  the  bead  is  brought  into  the  R.  F.  and 
observed  as  before.  The  flame  should  be  so  managed  that 
no  soot  is  deposited  upon  the  bead.  Sometimes  it  is  found 
necessary  to  add  a  little  more  of  the  substance  to  the  assay. 
When  metallic  oxides  and  acids  are  present  which  are  not 
easily  reduced  from  borax,  as  the  oxides  of  manganese,  iron, 
uranium,  chromium,  cobalt,  and  titanic  and  tungstic  acids, 
the  bead  may  be  treated  on  platinum  wire ;  but  when  easily 
reducible  oxides  are  present,  as  those  of  zinc,  nickel,  cad- 
mium, lead,  etc.,  the  wire  would  be  injured  (see  Art.  64), 
and  the  bead  must  be  shaken  off  after  treatment  in  the  O.  F. 
on  platinum,  and  treated  in  the  R.  F.  on  charcoal.  After 
blowing  one  or  two  minutes,  the  bead  is  pinched  with  the 
forceps,  and  drawn  out  so  that  its  color  can  be  distinctly 
observed. 

The  reductions  in  the  borax  bead  on  charcoal  are  some- 
times more  easily  obtained  by  placing  in  contact  with  the 
bead  a  bit  of  metallic  tin,  about  as  large  as  a  pin-head.  The 
tin  has  a  great  affinity  for  oxygen  and  partly  absorbs  the  oxy- 
gen from  the  metallic  oxides  in  the  glass,  dissolving  itself  to 
a  colorless  bead,  while  the  oxides  in  the  glass  are  reduced 
and  produce  their  characteristic  colors. 

109.  Flamlnfir. — The  alkaline  earths,  barium,  stron- 
tium, calcium,  magnesium,  etc.,  and  some  other  bodies  dis- 
solve in  borax  and  form  beads  which,  when  almost  saturated, 
are  colorless  while  hot  and  when  cold,  but  when  heated 
slowly  and  gently,  especially  with  an  intermittent  reducing 
flame,  or  alternately  with  the  O.  F.  and  R.  F.,  become 
opaque  and  enamel-like.     This  operation  is  called  flaming. 

Most  substances  which  at  a  certain  degree  of  saturation 
become  opaque  by  flaming,  do  so  without  flaming  when  the 
saturation  is  carried  a  little  further. 
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FUSION  WITH  SALT  OF  PHOSPHORUS. 

no.  The  same  general  rules  as  for  fusion  with  borax 
are  applicable  to  fusion  with  the  salt  of  phosphorus.  It  is  a 
very  difficult  matter  to  make  a  good  bead  out  of  salt  of  phos- 
phorus, owing  to  the  fact  that  it  boils  violently  while  its 
water  of  crystallization  and  ammonia  are  passing  off.  It  is 
advisable  to  melt  salt  of  phosphorus  on  the  platinum  wire 
very  gradually,  using  a  small  quantity  at  first  and  making 
successive  additions  until  a  good  bead  has  been  formed. 

Silica  can  be  easily  recognized  in  this  bead,  since  silicates 
are  but  very  slightly  soluble  in  salt  of  phosphorus.  The 
silica  separates  from  the  metals  with  which  it  is  combined 
and  which  are  themselves  dissolved  in  the  bead,  and  floats 
about  in  the  fused  glass  in  the  form  of  a  white  gelatinous 
skeleton. 

The  colors  produced  in  the  salt  of  phosphorus  beads  are 
generally  different  from  those  produced  in  borax  by  the 
same  substances,  as  may  be  seen  by  comparing  the  reac- 
tions given  in  Tables  III  and  IV  with  the  corresponding 
reactions  given  in  Tables  V  and  VI. 

Ill,  The  bead  tests  for  iron,  manganese,  chromium, 
copper,  cobalt,  nickel,  titanium,  tungsten,  molybdenum, 
uranium,  vanadium,  cerium,  and  didymium  are  of  them- 
selves distinctive  and  characteristic  of  the  elements,  but  the 
other  bead  tests  are  of  little  importance,  except  occasionally 
as  confirmatory  tests. 

REDUCTION  OF  METALLIC  OXIDES  WITH  SODA. 

1 1 2.  Many  oxides  can  be  reduced  to  the  metallic  state 
on  coal  with  the  aid  of  soda,  which  could  not  be  reduced 
without  it. 

The  best  way  to  conduct  the  experiment  is  to  powder  the 
substance  in  a  mortar  and  mix  with  moistened  soda.  The 
coherent  mass  is  then  put  into  a  cavity  in  the  coal  and 
treated  to  the  R.  F. 

The  metals  which  are  reducible  from  their  compounds 
with  soda  as  above  are  gold,  silver,  molybdenum,  tungsten, 
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antimony,  tellurium,  copper,  bismuth,  tin,  lead,  zinc, 
indium,  cadmium,  nickel,  cobalt,  and  iron.  Arsenic  and 
mercury  are  also  reduced,  but  are  immediately  volatilized. 
They  can  be  obtained  in  the  metallic  state  by  fusing  in  a 
matrass. 

113.  Neutral  oxalate  of  potassa  or  cyanide  of  potassium 
may  be  advantageously  substituted  for  soda  when  treating 
oxides  which  are  with  great  difficulty  reduced.  The  cyanide 
has  the  disadvantage  of  spreading  over  the  coal  and  scatter- 
ing the  metallic  particles.  These  fluxes  are  both  serviceable 
when  the  reduction  is  conducted  in  a  matrass. 

114.  Many  oxides  can  not  be  reduced  to  the  metallic 
state  by  soda,  but  form  with  it  more  or  less  fusible  com- 
pounds. Silicic,  titanic,  tungstic,  molybdic  acids,  etc.,  form 
fusible  compounds,  and  so  also  do  baryta  and  strontia, 
while  most  lime  salts  are  decomposed.  The  compounds 
formed  by  baryta  and  strontia  sink  into  the  coal.  The  lime 
salts  are  decomposed,  and  the  soda  sinks  into  the  coal, 
leaving  the  lime  behind. 

115.  A  few  elements  which  have  not  been  mentioned 
and  which  are  of  decided  interest,  as  they  form  a  very 
important  set  of  compounds,  are  the  halogens — bromine, 
chlorine,  fluorine,  and  iodine. 

(a)  Bromine. — When  bromides  are  added  to  a  salt  of 
phosphorus  bead  which  has  previously  been  saturated  with 
oxide  of  copper,  and  the  blowing  is  continued,  the  bead  is 
surrounded  with  a  beautiful  halo  of  blue  flame,  inclining  to 
green  on  the  edges,  and  this  continues  as  long  as  the  bromine 
remains.  As  this  reaction  may  be  confounded  with  those 
given  for  chlorine,  another  test  is  recommended.  The  sub- 
stance should  be  fused  with  dry  bisulphate  of  potash  in  a 
glass  matrass.  Bromine  and  sulphurous  acid  fumes  are 
liberated,  and  the  matrass  becomes  filled  with  yellow  fumes. 
The  bromine  is  recognized  by  the  extremely  suffocating 
odor  of  the  bromine  fumes,  or  by  exposing  moistened  starch 
or  starch  paper  to  these  vapors,  which  turn  them  yellow. 
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(b)  Chlorine. — Chlorides  may  be  detected,  like  bromine, 
by  adding  them  to  a  salt  of  phosphorus  bead  previously  satu- 
rated with  oxide  of  copper,  and  again  igniting.  The  bead 
is  instantly  surrounded  by  an  intense  purplish-blue  flame 
without  any  tinge  of  green. 

(c)  Fluorine. — Substances  containing  fluorine,  when 
heated  in  a  glass  tube  with  bisulphate  of  potash,  give  off 
hydrofluoric  acid,  which  etches  the  tube  immediately  above 
the  assay,  and  imparts  to  a  strip  of  moistened  Brazil-wood 
paper,  placed  on  the  end  of  the  tube,  a  straw-yellow  color. 

{d)  Iodine. — Iodides  added  to  a  salt  of  phosphorus 
bead,  previously  saturated  with  oxide  of  copper,  tinge  the 
outer  flame  an  intense  emerald-green. 

Like  bromides,  they  also  are  decomposed  by  fusion  with 
bisulphate  of  potash,  and  free  iodine  is  liberated,  which  may 
be  distinguished  by  its  violet  color  and  disagreeable  odor. 

116.  Nitrates. — When  nitrates  are  fused  in  a  glass 
tube  with  bisulphate  of  potash,  dark  reddish-yellow  fumes 
of  nitrous  oxide  are  liberated.  The  color  is  best  observed 
by  looking"  into  the  tube. 

117.  Sulpliuric  Acid. — The  presence  of  sulphates 
may  be  detected  by  fusing  the  substance  with  chemically 
pure  soda,  then  placing  the  fused  assay  on  a  silver  coin  and 
moistening  with  pure  water.  If  sulphuric  acid  had  been 
present  originally  in  the  substance,  it  was  converted  in  the 
fusion  to  sulphide  of  sodium.  This  sulphide  of  sodium  will 
leave  a  dark-brownish  or  black  stain  on  the  bright  surface 
of  the  silver. 

118.  Water. — The  presence  of  hygroscopic  moisture 
may  be  detected  by  heating  the  assay  in  a  matrass  or  closed 
tube.  Water  is  immediately  given  off,  and  condenses  in 
the  cooler  portions  of  the  tube. 

119.  Determination  of  Gold  and  Silver  in  Ores. — 

Occasionally  ores  are  rich  in  gold  and  silver,  and  their 
respective  minerals  can  be  determined  by  the  blowpipe,  but 
as  a  rule  the  ores  are  of  comparatively  low  grade,  and  the 
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amount  which  could  ordinarily  be  treated  before  the  blow- 
pipe would  not  be  sufficient  for  the  isolation  of  the  precious 
metals.  On  this  account,  one  of  two  methods  must  be  foK 
lowed.  If  the  ore  is  free  milling  it  may  be  amalgamated, 
while  if  it  is  a  concentrating  ore  it  may  be  concentrated  in 
the  gold  pan. 

In  either  case,  the  sample  (which  may  weigh  several 
pounds)  should  be  crushed  fine  in  a  mortar,  so  as  to  set  the 
valuable  materials  free. 

1 20.  In  the  amalgamation  test  the  sample  is  placed  in  the 
gold  pan  with  sufficient  water  to  saturate  and  cover  the  ore. 
After  this  a  small  amount  of  mercury  is  added,  and  the 
material  vanned  or  panned  in  such  a  manner  as  to  carry  the 
pulp  around  and  around  over  the  mercury,  or  in  some  cases 
the  pulp  is  worked  comparatively  stiff  and  the  mercury 
worked  back  and  forth  through  the  mass,  either  with  a 
spatula  or  by  hand.  After  the  ore  has  been  thoroughly 
exposed  to  the  amalgam,  the  waste  material  or  gangue  is 
washed  away  and  the  amalgam  collected. 

The  excess  of  mercury  is  squeezed  from  the  amalgam  by 
passing  it  through  buckskin  or  canvas.  The  small  piece  of 
the  amalgam  so  obtained  can  be  placed  on  charcoal,  heated 
before  the  blowpipe,  thus  volatilizing  the  mercury  and  leav- 
ing a  small  piece  of  the  precious  metals,  which  can  be 
melted  down  to  a  bead  or  button.  In  case  no  buckskin  or 
canvas  is  at  hand,  the  mercury  can  all  be  driven  off  by 
means  of  the  blowpipe. 

121.  In  the  concentration  test,  the  ore  is  washed  as  in 
ordinary  panning,  and  the  rich  mineral  collected  as  concen- 
trates. It  is  best  to  employ  two  pans,  and  to  wash  from  one 
to  the  other,  each  time  obtaining  a  small  amount  of  con- 
centrates, which  are  laid  to  one  side.  After  the  concentra- 
tion has  been  carried  as  far  as  it  is  considered  necessary,  the 
concentrates  may  be  dried,  placed  on  charcoal,  and  any 
arsenic  or  antimony  driven  off  by  roasting  them  before  the 
blowpipe.  •  The  roasted  concentrates  are  mixed  with  soda 
and  metallic  lead.  The  soda  acts  as  a  flux  in  melting  the 
piinerals,  and  the  lead  takes  up  any  gold  or  silver  they  may 
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contain.  The  lead  button  obtained  in  this  manner  must  be 
cupelled  in  order  to  separate  the  lead  from  the  gold  or  silver. 
As  has  already  been  stated,  cupels  are  made  from  bone- 
ash,  but  in  case  the  prospector  has  neither  bone-ash  nor  a 
ciipel  mold,  he  may  accomplish  the  desired  results  by  burn- 
ing a  few  bones  in  his  camp-fire  and  then  pound  them  to  a 
fine  powder,  which  can  be  mixed  with  water  and  pressed 
into  a  small  cupel  on  a  block  of  dry  wood  or  in  a  spoon  or 
thimble.  When  cupelling  the  lead  button,  it  must  be  heated 
with  an  oxidizing  flame,  which  action  results  in  the  forma- 
tion of  lead  oxide,  part  of  which  is  absorbed  by  the  bone- 
ash  and  part  of  which  is  volatilized.  When  all  the  lead 
has  been  oxidized,  the  precious  metals  will  remain  as  a  small 
bead.  Just  before  the  last  of  the  lead  is  driven  out,  the 
bead  will  appear  as  though  it  were  spinning  rapidly,  and  be 
covered  with  a  thin  film  of  oxide.  At  the  moment  the 
last  of  the  oxide  disappears,  the  bead  will  appear  to  brighten, 
and  after  this  will  not  appear  as  though  spinning. 

122.  If  it  is  desired  to  separate  the  gold  and  silver  in 
the  bead,  this  may  be  accomplished  by  dissolving  out  the 
silver  with  nitric  acid  (providing  there  is  2^  times  as  much 
silver  present  as  there  is  gold).  Strong  nitric  acid  diluted 
with  an  equal  amount  of  water  answers  this  purpose  very 
well.  The  bead  is  dropped  into  the  acid,  and  after  the  first 
evolution  of  gas  ceases  the  acid  must  be  boiled.  The  acid  is 
then  poured  off  and  a  fresh  supply  added,  and  the  bead  once 
more  boiled.  Any  gold  will  remain  behind  as  black  specks, 
or  as  a  black  skeleton  of  the  bead.  In  case  there  is  more 
gold  than  the  proportion  given,  it  will  be  necessary  to  add 
some  silver  to  the  bead  before  it  can  be  parted.  After  the 
silver  has  all  been  dissolved,  the  gold  which  remains  behind 
should  be  washed  with  clean  water  (preferably  distilled  water) 
and  then  heated  to  a  red  heat,  which  will  restore  the  ordi- 
nary yellow  color  to  the  metal.  If  there  is  enough  gold  pres- 
ent, it  may  be  melted  down  into  a  bead  before  the  blowpipe. 
If  water  or  acid  give  a  white  precipitate  with  silver  nitrate 
solution,  chlorine  is  present,  and  they  are  not  fit  for  part- 
ing. 
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The  strontium  flame  is  intensi- 
fied when  the  heated  assay  is 
moistened  with  //CS  and  again 
ignited. 

The  calcium  flame  ia  intensified 
as  above. 
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Sodium  and  all  its  c 
tensely  yellow  flame 
quantities  of  potassii 

not  interfere  with  the  reaction.     Much 
lithium,  however,  modifies  the  color  to  an 
orange -red. 

Potassium  and   all   its  compounds  ei- 
cept  the  phosphates,  borates,  and  the  in- 
fusible silicates.     Very  small  quantities  of 
sodium  and  lithium  will  obscure  the  reac- 
tion.    In  such  cases,  by  viewing  the  flame 
through  a  sufficiently  thicic  blue  glass,  the 
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ng  the  red 

of  lithium  to  violet,  while  the  potassium 

flame  appears  purplish-red. 

Carmine-Red.  Lithium  and  its  com- 
pounds. The  reaction  is  obscured  by 
much  sodium,  but  not  by  potassium.  In- 
visible through  green  glass. 

Crimson.  Strontium  and  its  salts.  Re- 
action is  masked  when  much  barium  is 
present. 

Yellowish-Red,  Calcium  (lime)  and 
most  of  its  salts.  Reaction  masked  by 
barium  flame.  Not  to  be  confounded 
with  strontium  flame. 
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white. 
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Colorless  or  opaque 
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as  above. 
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Uranium  and  Cerium 
enamel-yellow  by  flaming. 
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Iron  recognized  by  R.  F. 
test. 
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hot  and  cold. 
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Much  Titanium,  brown, 
hot  and  cold;  enamel-blue 
by  flaming. 

Separated  binoxide  of 
Molybdenum  is  seen  if  bead 
is  pressed  flat. 

Uranium  bead,   when 
highly  saturated,  becomes 
black  by  flaming. 
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Same  as  O.  F. 

Saturated  beads,  opaque 
white  by  flaming. 

Manganese  beads,  apt  to 
become  a  pale  rose-color  on 
cooling,  as  with  borax. 
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volatilize    as    fast    as    re- 
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The    coat    tested    with 
hydriodic  acid  becomes 

Tube  tests. 

Thecoat  tested  with  hydri- 
odic acid  becomes  reddish 
brown.  With  bismuth-flux. 

nn  niastpr.  rhocolatC-brown 

J  to  brilliant 

tumea. 

1 

4 

I s    reduced 
on  coal    with 
evolution     o  f 

fumes,  recog- 
nized by  their 
garlic  odor. 

On  charcoal 
is  reduced  im- 
mediately   to 
metallic  bis- 
muth. 

i 

1 

O.F.   Dissolves 
easily  to  a  clear. 
yellow     glass, 
colorless    when 
cold.  Withmuch, 
the  glass  can  be 
flamed    to    an 
enamel,  and  with 
still   more  it  be- 
comes enamel- 
white  of  itself, 
on  cooling. 

R.F.     On  coal, 
especially    with 
IJn.    the    glass 
changes,   becom- 
ing   clear   and 
colorless  while 
hot,  but  blacltish- 
gray  and  opaque 
on  cooling. 

1 

0.    F.      Dissolves 
easily  to  a  clear,  yel- 
low    glass,     which, 
when  a  little  is  pres- 
ent, is   colorless   on 
cooling.   With  more, 
the  glass  is  yellow- 
ish-red    while    hot. 
becomes   yellow    on 
cooling,    and   when 
quite  cold  is  opales- 

R.   F,     The   glass 
on    coal  is  at   flrst 
gray    and    clouded, 
then  the  oxide  is  re- 
duced to  metal  with 
effervescence,    and 
the    glass    becomes 
clear.     Tin  acceler- 
ates this  reduction. 

< 

Volatilizes     be- 
low a  red   heat. 
giving  off  dense 
fumes    with    a 

characteristic 
garlic  odor. 

On  coal  is  re- 
duced   in  O.   F. 
and     R.     F.    to 
metal,    and     is 
gradually  volatil- 
ized,   forming    a 
coat    of    yeFlow 
oxide;    beyond 
this   coat   IS    an- 
other   thinner 
white  coat. 

In    the    R.    F. 
these  coats   dis- 
appear    without 
coloring    the 

i 
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In  the  presence  of  copper 
or  nickel,  the  bead  must  be 
treatedoncharcoal  with  tin 
before  the  blue  color  is  dis- 
tinctly observed. 

O.F.    Insol- 
uble. 

R.F.  On  coal 

is  immediately 
reduced   and 
volatilizes, 
coating  the 
coal  with  red- 
dish-brown to 
dark-yellow 
oiide.    The 
more    remote 
portion  of  the 

variegated 

On    coal    is 
reduced    to  a 
gray  magnetic 
powder,  as- 
suming a  me- 
tallic luster  by 
friction. 

O.F.    As  with 
borax. 

R.  F.    The  ox- 
ide dissolved   in 
the  bead  is  slowly 
and  imperfectly 

forming    a    very 
slight  dark-yel- 
low  coat,    show- 
color  only  when 
cold.     Tin  accel- 
erates the  reduc- 
tion. 

O.F.     As  with 
borax,   but   the 
samequantity 
will  not  give  as 
intense  a  blue. 
The  color  is  best 
observed  on  cool- 
ing. 

R.F.    AsinO.F. 

O.  F.  Dissolves 
very  largely  to  a 
clear,  yellowish  glass, 
almost  colorless  on 
cooling. 

When  strongly 
saturated,  the  glass 
tecomes  milk-white 
by  flaming,  and  with 
still  more,  becomes 
enamel-whitcof 
itself,  on  cooling. 

R.  F.     The   glass 

containingoxide 
boils  on   coar;    the 
cadmium  is  reduced, 
and     immediatelv 

the  coal  with  a  dark- 
yellow  coat. 

0.  F.    Colors  very 
strongly ;   the   glass 
is   pure   smalt-blue, 
both  hot  and  cold. 
The  strongly  sa  t  u  - 
rated  glass  isso  dark- 
blue  i  t  appears  black. 

R.F.    AsinO.F. 

Oncoal.inR.F., 
it  shortly  disap- 
pears  and    coats 
the  surrounding 
coa!  with  a  reif- 
dish-brown  to 
dark-yellow  coat. 
The  proper  color 
is  seen  when  cold. 
The  coal  beyond 
the  coat  shows  a 
variegated    t  a  r  - 
nish. 

O.F.   Unchanged. 

R.  F.     Shrinks 
somewhat,  and  is 
reduced,  without 
fusing,  to  metal, 
which  is  mag- 
netic and  assumes 
a  metallic  luster 
when  rubbed  in 
the  mortar. 
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In  the  presence  of  lead, 
tin,  bismuth,  antimony,  or 
line,  iron  may  be  detected 
by  treating  the  borax  bead 
on  charcoal  until  all  have 
been  reduced    except    the 
iron,  which  gives  the  glass 
a  bottle-green  color.                   CD 

In  the  presence  of  cobalt,        CT 
nickel,  and  copper,  the  two       5 
latter  will  be  reduced  by  tin       ^ 
oncharcoal,  while  the  cobalt        "0 
will   color   the   bead   blue.        r^ 
By  adding  more  fresh  borax        •-- 
and  treating  in  O.  P.,  the        K 
bead   will  be  green   while        O 
hot,  blue  on  cooling. 

If  the  assay  is  added  to  a 
borax  bead  colored  blue  by 
the  oxide  of  copper,  and 
the  whole  is  heated  for  a 
few  seconds,  the  protoxide 
of    iron    will    be    further 
oxidized  at  the  expense  of 
the  oxygen  of  the  oxide  of 
copper,    and    opaque    red 
spots  of  oxide    cf   copper      „g, 
will  appear    in    Ihe    gfass      ^ 
when  It  cools.                             £■ 

J 

ji 

O.F.  Insol- 
uble. 

R.F.  Is  re- 
duced on  coal, 
yielding  a 
gray,  magnet- 
powder,  when 
the  particles 
of  coal  are 
washed  away. 

p 

1 

U 

O.  P.      With  a 

certain    amount, 
the   hot  glass   is 
yellowish-red,  but 
becomes  first  yel- 
low 
the 
and! 

less.     With  very 
much,  it  is  dark 
red    when    hot. 
brownish-red. 
then  dirty  green 
whilecooling.and 
finally  a  less 
brownish-red. 
The   colors   dis- 
appear on  cooling 
much  sooner  than 
with  borax. 

R.P.   The  glass 
seems  unchanged 
with    a    small 
amount  of  oxide; 
with   more,  it  is 
red  while  hot,  and 
on  cooling,  be- 
comes   first    yel- 
low, then  green- 
ish,   and    finally 
reddish.  With  tin. 

green  on  cooling 
and  finally  coloi- 

n 

<  5 

i 
1 

S 

O.  F.  Withhttle. 
the  glass  is  yellow 
when  hot,  colorless 
on  cooling.  With 
more,  it  is  red  while 
hot.  yellow  when 
cold;  with  still  more, 
dark- red  while  hot, 
and  dark-yellow  on 
cooling. 

R.  P.  The  glass 
becomes  bottle- 
green.  On  coal,  with 
tin,  it  becomes,  at 
first,  bottle-green, 
but  on  longer  blow- 
ing, vitriol-green. 

5l  i 
5 

0,  F.  Unchanged. 

R.F.    Becomes 
black   and    mag- 
netic. 
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The  usual  tests  for  nickel 
are  sufficient,  unless  it  is 
present  with  much  cobalt. 
m  which  case  a  saturated 
bead  is  fused  on  charcoal 
with  about  one  grain  of  fine 
gold.     The  oiide  of  nickel,       Cd 
with  a  little  cobalt,  is  re-       T 
duced  to  metal  and  unites       O 
with  the  gold.    The  button        ^ 
is  then  freed  from  the  bead,        ►p 
and  treated  again  on  char-       S 
coal  in  O.  F.  with  salt  of       3 
phosphorus.    The  first  bead       ^ 
will  probably  be  blue,  since       O 
cobalt  is  more  easily  oxi- 
dized,   in   which   case   the 
globule   is   Buccessivelr 
treated  in  pure  beads  until 
the  nickel  reaction  is  plain- 
ly visible. 

75 

O.F.    Insol- 
uble. 

R.   F.      On 
charcoal  easily 
reduced    to 
small,    bril- 
liant, metallic 
particles 
which    are 
highly  mag- 
netic. 

O.F.    Dissolves 
to  a  reddish  glass 
which  becomes 
yellow  on  cool- 

glass  IS  orowoisii- 
red  and  becomes 
reddish-yellow  on 
cooling. 

R.F.  The  glass 
fro,n  the  O.F.  is 
unaltered. 

On  charcoal. 
with  tin.  all  the 
AVis  reduced 
after  continued 
blowing  and  the 
glass  becomes 
colorless. 

0.  F.     Colors   in- 
tensely.    In  small 

t'heglass*"violetwh1le 
hot.  which  becomes 
pale  red-brown  on 
cooling;   with  more, 
thecolorsaredarker. 

R.   F.     The   glass 
becomes    gray    and 
turbid  from  separa- 
tion   of   metaTlic 
nickel.     By  long 
blowing  the  metallic 
particles  cohere,  and 
leave  the  glass  color- 
less.     On  charcoal, 
with  tin  especially, 
the  reduction  is  more 
rapid. 

O.F.  Unchanged. 

R.F.    On  char- 
coal is  reduced  to 
metal.      The   co- 
herent metallic 

fused  :  strongly 
rubbed  in  a  mor- 
tar, it  assumes  a 
metallic  luster. 
and    is    highly 
magnetic. 

1 
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Substances  containing 
tellurium    may   belritu- 
rated  (ground  by  rubbing) 
with  soda   and   charcoal 
dust,   and  fused  in  a  closed 
tube;  then  allowed  to  cool, 
and  a  little  hot  water 
dropped   into   the  tube. 
The  w-aier  will  assume  a 
purple  color  from   the  dis- 
solved tetluride  of  sodium. 
Tel  '■■"■■■"  '■""•  ""■■  "ds.  heat- 
ed 1                                 U,SO,. 
im|                             s  color, 
wh.„.   ..     ^^„.„  „n  cool- 
ing or  on  the  addition  of 
water,  and  a  black-gray 
precipitate  is  formed. 

When  silver  is  combined 
with  largequanti  ties  of  lead 
or  bismuth,  etc.,  it  had  best 
be  fused  to  a  button  with 
the  addition  of  some  test 
lead  and   borax  glass,  and 
the  resulting^button 
cupelled  in  a  hone-ash 
cupel. 

If 

On  charcoal 
is  reduced  and 

volatilized 
with  the  for- 
mation of  a 
coat   of   tellu- 
rous acid. 

Is    immedi- 
ately reduced ; 
fuses  to  metal- 
1  i  c    globules, 
white     the 
soda    is   ab- 
sorbed by  the 
charcoal. 

1 
li 

5 
ft 

O.F.    Boththe 
oxide    and   the 
metal  yield  a  yel- 
lowish glass.    A 
highly  saturated 
bead      appears 
ooaiine   on    cool- 

R.  F.     As  with 
orax. 

5 

O.F.    Solubletoa 
clear,  colorless  glass, 
which  becomes  gray 
from  separation  of 
Te  when  heated  on 
coal. 

R.  F.    The  clear 

glass  from  O.  F., 
heated   on    coal,    be- 
comes first  gray  and 
finally  colorless,   all 
the  tellurium  being 
reduced  and  volatil- 
ized and  coating  the 
coal   with   tellurous 
acid. 

O.F.   Ispartlydis- 
solved,    and    partly 
reduced   to  metal. 
The  glass  on  cooling 
becomes  opaline    or 
milk-white,    accord- 
ing to  the  degree  of 
saturation. 

R.  P.     The  glass 
from  the  O.  F.  be- 
comes at   first  gray 
from    separation   of 
metal,    then  clear 
and  colorless,  all  the 
silverseparatingand 
fusing  to  a  globule. 

pi 

5 

O.F.   Fusesand 
is   reduced    with 

The    re^duced 
metal      votaiizes 
immediately,  and 
a  white  coating  of 
tellurous  acid  de- 
posits  on   coal. 
The  edges  of  the 
sublimate  are 
commonly  red  or 
dark  yellow. 

R.F.     AsinO- 
F.     The  outer 
flame  is  tinged 
bluish-green. 

m 

•s 

i 
S 
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1 

! 

A  substance 
containing  ti-        Cd 
tanium.  if  fused       r* 
with  soda  and       O 
dissolved  in       ^ 
//a  and  then       ^ 
heated    with        a 
metallic    tin    or        S 
zinc,  the  titanic       g 
acid  is  reduced       o 
and  the  liquid       • 
is  temporarily 
colored  violet, 
and    fiaally    the 
hydrated  ses- 
quioiide   of    ti- 
tanium   is    pre- 
cipitated. 

1 

s 

II 

Assumes  a 
yellowish- 
green    color 
similar  to  ox- 
ide of  zinc  but 
less  fine. 

1l 

II 

O.F.  On  char- 
coal soluble 
with    effer- 

dark  yellow 
glass,    which, 

cry^stalliz"!,' 
with  the  pro- 
duction  of  so 
much    heat 
that  the  glob- 
ule     becomes 
again,  of  itself, 
white  hot. 

When    fully 
cold  the  glass 
is  white    or 
grayish. 

R.  P.  As  in 
0.  F.     No  re- 
duct  ion  to 
metal  is  ac- 
complished. 

U  at 

^1 

O.F.    Easily 
solubletoi 
clear  glass.  If 
much  is  pres- 

hot,  colorless 
on  cooling. 

B,  F.     The 
glass  from  the 
O.  F.  is  yellow 
while  hot,  but 
on  cooling, 
reddens andfi- 
nally  assumes 
a    fine    violet 
color.     If  the 
assay  contains 
iron,  the  glass 
is    brown-yel- 
low or  brown- 
red  on  cooling. 
On  coal,  with 
tin,  the   glass 
becomes  violet 
if   not    too 
much   iron   is 
present 

CB  1 

1 

2 

1 

O.F.     Easily 
soluble  to  a  clear 
glass.     Yellow 
while  hot:  color- 
less   when    cold. 
May  be  rendered 
turbid  by  flaming 
if  much  is  pres- 
ent. If  very  much 
is  present  the 
glass   becomes 
opaque   white  on 
cooling. 

R.F.   Dissolved 
in  small  quantity, 
the  glass  is  yel- 
low; with   more, 
it   becomes  dark 
yellow  to  brown. 
A  saturated  glass 
is  made  enamel- 
blue  by  flaming. 

1i 
11 

In  both  flames 
becomes  yellow 
on  cooling    re- 
sumes its  white 
color.     Is  not 
otherwise 
changed. 

1 

0 

Titanium. 

C'itanic\ 
Acid,  j 
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MINERALOGY. 


MINERALS    AND    THEIR    PROPERTIES. 

1«  A  mineral  is  a  natural,  inorganic  substance,  of 
definite  chemical  composition.  A  mineral  may  be  either  an 
element  or  a  compound,  so  long  as  it  is  one  of  the  forms  in 
which  the  element  or  elements  constituting  it  occur  in  nature. 
For  instance,  the  most  important  gold  mineral  is  native,  or 
metallic,  gold,  while  iron  very  rarely  occurs  in  nature  in  the 
metallic  form. 

2.  Mineralogy  is  the  study  of  minerals,  their  compo- 
sition and  physical  and  chemical  characteristics. 

In  a  careful  preliminary  examination  of  a  mineral  speci- 
men, the  student  will  naturally  be  struck  first  by  those 
physical  characteristics  which  are  at  once  obvious  to  the 
senses;  viz.,  transparency^  color ^  luster^  feel^  structure^  cleav- 
age^ fracture^  hardness^  tenacity^  and  crystalline  form^  if 
distinct;  and  also,  if  the  specimen  be  of  sufficient  size,  the 
weight  will  give  some  idea  of  the  specific  gravity. 

The  importance  of  these  different  physical  characteristics 
varies  greatly  in  different  minerals.  Thus,  the  color  and 
luster  of  some  minerals  are  very  characteristic  of  those 
minerals  and  are,  consequently,  of  the  utmost  importance 
in  their  identification,  while  in  other  minerals  the  color  and 
luster  are  neither  characteristic  nor  important;  and  the 
same  is  true  of  other  properties.  Crystalline  form  and 
cleavage  are  usually  of  less  importance  to  the  average  pros- 
pector or  miner  than  the  other  physical  characteristics,  but 
some  knowledge  of  them  will  frequently  stand  him  well  in 
hand,  and  for  this  reason  the  student  should  know  at  least 
the  principal  crystalline  forms. 

§35 
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2  MINERALOGY.  §  35 

TRANSPARENCY. 

3.  Transparency  is  the  property,  possessed  by  most 
substances  to  a  greater  or  less  degree,  of  transmitting  light, 
or  allowing  light  to  pass  through  them.  The  following 
terms  are  used  to  define  the  different  degrees  of  trans- 
parency : 

Transparent,  when  the  substance  transmits  light  per- 
fectly, so  that  objects  viewed  through  it  appear  distinct. 
For  example,  glass  and  crystallized  quartz  are  transparent. 

Subtransparent  or  semltransparent,  when  objects 
can  be  seen  through  the  substance,  but  only  indistinctly. 

Translucent,  when  the  substance  allows  light  to  pass 
through  it,  but  objects  can  not  be  distinguished.  Ground 
glass,  loaf  sugar,  and  some  marbles  are  translucent. 

Subtranslucent,  when  there  is  a  slight  transmission  of 
light  through  only  the  thinnest  edges  of  the  substance. 
When  a  substance  transmits  absolutely  no  light,  it  is  said  to 
be  opaque. 

COLOR. 

4.  The  color  of  a  mineral  is  usually  more  or  less  char- 
acteristic of  the  mineral.  In  the  case  of  some  minerals,  the 
finely  powdered  mineral  has  a  definite  color  of  its  own, 
entirely  different  from  that  of  the  specimen  as  a  whole. 
The  color  of  the  powdered  mineral  is  known  as  the  streak 
of  the  mineral — from  the  fact  that  it  is  best  observed  by 
making  a  mark,  or  streaky  with  the  specimen,  on  an  unglazed 
porcelain  surface — and  is  frequently  of  great  importance  in 
identifying  minerals. 

LUSTER. 

5.  The  luster  of  minerals  depends  upon  their  power  of 
reflecting  light,  and  consequently  upon  the  nature  of  their 
surfaces.  According  to  the  nature  of  the  reflecting  surface, 
we  have  seven  kinds  of  luster,  each  named  from  some 
familiar  substance  of  which  it  is  characteristic.  They  are 
as  follows: 


§  35  MINERALOGY.  3 

Metallic,  the  ordinary  luster  of  metals.  An  imperfect 
metallic  luster  is  described  as  sub7netallic. 

Vitreous,  the  luster  of  broken  glass.  Imperfect  vitreous 
luster  is  called  subvitreous.  This  is  the  characteristic  luster 
of  quartz. 

Resinous,  the  luster  of  ordinary  rosin.  This  is  the 
luster  which  gives. the  name  **  Rosin  Jack  "  to  some  varieties 
of  zinc-blende. 

Greasy,  looking  as  if  smeared  with  oil  or  grease.  This 
luster  is  occasionally  observed  in  quartz,  and  in  some  vari- 
eties of  serpentine  and  steatite. 

Pearly,  like  pearl.  This  luster  is  frequently  found  in 
such  minerals  as  mica,  talc,  and  gypsum,  which  are  made 
up  of  very  thin  leaves,  or  layers.  Pearly  luster  combined 
with  submetallic  luster  forms  what  is  known  as  metallic' 
pearly  luster. 

811ky,  like  silk.  This  luster  is  the  result  of  a  fibrous 
structure,  like  that  of  asbestos,  or  of  fibrous  gypsum. 

Adamantine,  the  luster  of  the  diamond.  Minerals 
having  this  luster  may  also  be  submetallic;  in  such  cases 
the  luster  is  called  metallic -adamantine,  Cerussite  and 
pyrargyrite  have  such  a  luster. 

6.  Besides  the  different  kinds  of  luster,  there  are  differ- 
ent degrees  of  inte^isity  of  luster,  depending  upon  the  clear- 
ness of  the  reflection.     These  are : 

8plendent,  when  the  surface  is  a  perfect  mirror,  reflect- 
ii^g  light  with  great  brilliancy,  and  giving  well-defined 
images. 

81ilnlns,  when  an  image  is  produced,  but  not  a  clearly 
defined  image. 

GUstenlns  or  stieeny,  when  there  is  a  general  reflec- 
tion of  light  from  the  whole  surface,  but  no  image. 

Gllmmerlngr,  when  the  reflection  is  very  imperfect,  and 
the  reflected  light  comes  to  the  eye  not  from  the  entire 
surface,  but  from  a  number  of  separate  points  scattered 
over  the  surfaces 
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When  there  is  a  total  absence  of  luster  the  mineral  is  said 
to  be  dull,  or  earthy.  Chalk  is  a  good  example  of  this 
condition.  

FEEL. 

7.  The  feel  (or  feeling)  of  a  substance  is  of  importance 
in  the  case  of  only  a  few  minerals,  such  as  talc  and  the  tal- 
cose  minerals.  The  feel  of  substances  will  be  readily  recog- 
nized from  the  terms  used  to  define  it,  as  greasy^  smooth^ 
harshy  gritty^  etc.  

STRUCTURE. 

8.  Among  minerals  will  be  found  a  variety  of  structure. 
Most  mineral  specimens  are  aggregations  of  imperfect 
crystals.  Even  those  whose  structure  to  the  naked  eye 
appears  destitute  of  crystallization  are  probably  composed  of 
impalpable  crystalline  grains. 

The  structure  of  a  mineral  is  said  to  be  : 

Columnar,  when  it  is  made  up  of  slender  columns  or 
fibers. 

There  are  several  varieties  of  columnar  structure,  classi- 
fied as  follows: 

Fibrous^  when  the  columns  or  fibers  are  parallel,  as  in 
asbestos. 

Reticulated^  when  the  fibers  cross  in  various  directions, 
and  assume  a  net-like  appearance. 

Stellated^  when  the  fibers  radiate  from  a  center  and  pro- 
duce star-like  forms. 

Radiated^  when  the  fibers  radiate  from  a  center  without 
producing  stellar  forms,  as  sometimes  in  stibnite. 

Lamellar,  when  it  consists  of  plates  or  leaves.  These 
leaves  may  be  curved  or  straight ;  in  either  case  the  struc- 
ture IS  so  described;  and  they  may  also  be  very  thin  and 
easily  separable — a  micaceous  structure. 

Granular,  when  it  is  composed  of  crystalline  grains.  If 
the  grains  are  not  to  be  distinguished  by  the  naked  eye,  the 
structure  is  said  to  be  impalpable. 
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There  are,  in  addition  to  these  kinds  of  structure  resulting 
from  crystallization,  many  imitative  shapes  assumed  by  dif- 
ferent minerals  and  described  as  follows: 

Reniform — kidney-shaped;  Botryoidal — like  a  bunch  of 
grapes;  Mammillary — breast-shaped,  resembling  botryoidal, 
but  composed  of  larger  prominences ;  Dendritic — branching, 
tree-likfe;  Filiform  or  Capillary — very  long  and  slender 
crystals,  like  a  thread  or  hair;  Acicular — slender  and  rigid, 
like  a  needle ;  Stalactitic  and  Stalagmitic — like  the  stalactites 
and  stalagmites  found  on  the  roofs  and  floors,  respectively, 
of  caves. 

CLEAVAGE. 

9.  Most  minerals  have  certain  directions  in  which  their 
cohesive  force  is  weakest  and  in  which  they  yield  most 
readily  to  a  blow.  This  tendency  to  break  in  the  direction 
of  certain  planes  is  called  deavag^e. 

Cleavage  differs,  first,  according  to  the  ease  with  which 
it  may  be  effected,  and  second,  according  to  the  direction 
as  crystallographically  determined.  We  will  direct  our 
attention,  for  the  time  being,  only  to  the  first. 

The  different  degrees  of  cleavage  are  classified  as  follows: 

Perfect,  or  eminent,  when  obtained  with  great  ease, 
affording  smooth,  lustrous  faces,  as  in  calcite,  mica,  and 
galena.  Eminent  is  used  only  in  reference  to  the  most  per- 
fect and  pronounced  cleavage. 

Distinct,  when  obtained  with  tolerable  ease,  and  with 
fairly  good  cleavage  faces,  but  neither  so  easy  nor  so  com- 
plete as  perfect  cleavage. 

Indistinct,  when  obtained  with  some  difficulty,  and  the 
cleavage  faces  and  angles  are  not  well  defined. 

Difficult,  when  obtained  only  with  considerable  difficulty, 
and  barely  discernible.  Cleavage  of  this  sort  is  very  apt  to 
be  only  in  traces^  that  is,  with  a  bit  of  cleavage  face  show- 
ing here  and  there. 

Interrupted,  when  the  cleavage  face  discontinues 
abruptly,  only  to  be  continued  in  another  cleavage  plane 
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parallel  to  the  first.     This  condition  may  occur  in  minerals 
having  perfect  or  distinct  cleavage. 

The  inferior  degrees  of  cleavage  are  of  themselves  of  no 
value  in  identifying  minerals ;  but  the  absence  of  cleavage, 
or  very  poor  cleavage,  will  sometimes  serve  to  distinguish  a 
mineral  from  minerals  similar  to  it  in  appearance,  but 
having  more  pronounced  cleavage. 


FRACTURE. 

1 0.  The  term  fracture  is  used  in  mineralogy  to  define 
the  kind  of  surface  obtained  by  fracturing  a  specimen,  or 
breaking  it  in  any  direction  except  along  a  cleavage  plane. 
The  different  kinds  of  fracture  have  been  classified  as  follows  : 

Conclioldaly  when  the  mineral  breaks  in  curved,  shell- 
like surfaces. 

Even,  when  the  fracture  surfaces  are  approximately  reg- 
ular surfaces,  though  perhaps  somewhat  rough. 

Uneven,  when  the  fracture  surfaces  are  irregular  and 
rough. 

Fracture  is  characteristic  in  the  case  of  only  a  few  min- 
erals, and  then,  like  the  inferior  degrees  of  cleavage,  is  val- 
uable only  as  a  distinction  from  minerals  having  a  similar 
appearance  but  a  different  fracture. 


HARDNESS. 

11.  By  liardness  is  meant  the  resistance  which  a  min- 
eral offers  to  abrasion.  Thus,  talc  can  be  scratched  by  the 
finger  nail,  while  the  diamond  is  the  hardest  substance 
known.  As  minerals  differ  in  this  characteristic,  and  as 
each  has  usually  a  more  or  less  constant  hardness  of  its  own, 
the  following  scale,  known  as  Moh's  scale  of  hardness,  has 
been  arranged  to  measure  the  different  degrees  of  resistance 
to  abrasion  offered  by  minerals ; 

1.     Ta/iT— easily  scratched  by  the  finger  nail. 
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2.  Gypsum — scratched  with  difficulty  by  the  finger  nail; 
does  not  scratch  a  copper  coin. 

3.  Calcite — scratches  pure  copper ;  not  scratched  by  the 
finger  nail. 

4.  Fluorite — not  scratched  by  a  copper  coin;  does  not 
scratch  glass. 

5.  Apatite  —  scratches  glass  with  difficulty;  easily 
scratched  by  a  knife. 

6.  Feldspar  (prthoclase^  etc, ) — ^scratched  with  difficulty  by 
a  knife ;  scratches  glass  easily. 

7.  Quartz — not  scratched  by  a  knife ;  yields  with  diffi- 
culty to  a  file. 

8.  Topaz — ^harder  than  flint;  very  few  substances  are  as 
hard  as  this. 

9.  Corundum — ^hardest  substance  known  except  the 
diamond. 

10.  Diamond — the  hardest  substance  known. 

The  hardness  of  any  mineral  is  determined  by  ascertain- 
ing a  point  in  the  scale  such  that  the  given  mineral  will 
scratch  any  mineral  in  the  scale  below  that  point,  and  will  be 
scratched  by  any  mineral  above  the  point.  It  is  well  to 
supplement  the  test  by  the  minerals  of  the  scale  with  a  test 
by  the  finger  nail,  a  copper  coin,  and  a  knife.  If  no  set  of 
minerals  comprising  the  scale  of  hardness  are  available,  a 
mineral  may  be  tested  very  well  by  the  finger  nail,  copper 
coin,  and  knife. 

TENACITY. 

12.  The  tenacity  of  a  substance  is  the  persistency 
with  which  its  particles  cling  together.  This  is  different  in 
different  substances,  but,  like  hardness,  is  more  or  less  con- 
stant for  any  one  substance.  The  different  degrees  of 
tenacity  have  been  classified  as  follows : 

Brittle,  when  the  substance  flies  to  pieces  under  a  sharp 
blow,  and  powders  under  the  edge  of  a  knife  in  the  attempt 
to  cut  it,  like  galena. 
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Sectlle»  when  pieces  may  be  cut  off  with  a  knife  without 
falling  to  powder,  but  the  substance  still  goes  to  pieces 
under  the  hammer.  This  is  really  a  condition  intermediate 
between  brittle  and  malleable. 

Malleable,  when  the  substance  can  be  beaten  out  under 
the  hammer  without  flying  to  pieces,  like  gold. 

Ductile,  when  the  substance  can  be  extended  or  drawn 
out  by  tension,  as  in  wire  drawing.  Ductility  is  only 
another  phase  of  the  same  property  as  malleability,  and  is 
possessed  to  a  remarkable  degree  by  gold,  silver,  iron,  and 
copper,  and  some  of  the  rarer  metals. 

Flexible,  when  the  substance  can  be  bent.  Substances 
which  are  malleable  and  ductile  are  usually  also  flexible. 

Blastic,  when  the  substance  can  be  bent  or  otherwise 
distorted,  but  returns  to  its  original  form  as  soon  as  the 
distorting  force  is  removed.  Steel  is  remarkably  elastic. 
Highly  elastic  substances  are  usually  more  or  less  brittle. 


CRYSTALLINE   FORM. 

1 3.  All  minerals,  at  some  time  or  other,  have  been  in  a 
liquid  state,  either  through  solution  or  fusion  (melting),  or 
in  the  state  of  gas,  or  vapor— conditions  in  most  cases  the 
result  of  very  high  temperatures.  On  cooling,  molten 
matter  solidifies  and  gases  condense  to  liquid  or  solid  form ; 
and  as  water  containing  mineral  matter  in  solution  cools 
and  evaporates,  the  mineral  contents  are  precipitated.  As 
the  minerals  solidify  they  tend  to  form  crystals,  or  bodies 
of  definite  geometrical  form,  bounded  by  plane  faces.  Each 
kind  of  mineral  crystallizes  separately,  in  a  form  or  forms 
more  or  less  peculiar  to  itself,  and  crystalline  form, 
therefore,  becomes  one  of  the  physical  characteristics  of 
every  crystallized  mineral,  and  is  sometimes  of  considerable 
service  in  its  identification.  The  different  varieties  of  crys- 
talline form  are  considered  farther  on  under  the  head  of 
Crystallography, 
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SPECIFIC   GRAVITY. 

14.  The  specific  gravity  of  a  substance  is  the  ratio  of 
the  weight  of  a  given  volume  of  that  substance  to  the  weight 
of  an  equal  volume  of  another  substance,  whose  specific 
gravity  is  assumed  to  be  unity  (1).  Water  is  the  accepted 
standard,  and  its  specific  gravity  is  consequently  considered 
as  1  (or  unity). 

1 5.  The  specific  gravity  of  a  mineral  may  be  determined 
thus: 

1.  Find  the  weight  of  the  fragment  out  of  water,  just  as 
you  would  weigh  anything  else.     This  weight  =  w. 

2.  Then  suspend  the  fragment  by  a  fine,  silk  thread  to 
the  balance  beam,  submerge  it  in  water  and  weigh  again. 
This  weight  =  «/,. 

Since  the  loss  of  weight  of  a  solid  submerged  in  water  is 
equal  to  the  weight  of  the  volume  of  water  displaced, 
«/  —  «;,  =  the  weight  of  a  volume  of  water  equal  to  the 
volume   of   the   mineral,   and   the   specific   gravity   of   the 

mineral  = . 

w  —  w^ 

The  weights  should  be  accurately  taken  on  a  good  chem- 
ical balance,  and  the  water  should  be  distilled ;  and  as  the 
density  of  water  varies  with  its  temperature,  in  order  to 
obtain  uniform  results  60**  F.  has  been  adopted  as  a  con- 
venient temperature. 

16.  Another  method,  less  accurate,  and  requiring  less 
elaborate  apparatus,  will  usually  give  a  sufficiently  close 
approximation  of  the  specific  gravity  of  minerals  to  serve 
the  student's  purpose.  The  only  apparatus  necessary  is  a 
pair  of  scales  graduated  to  about  -^^  grain  or  6  milligrams, 
and  a  graduated  glass  vessel.  The  graduations  on  the  scales 
and  the  vessel  should  be  in  the  same  system,  so  that  the 
results  may  be  readily  figured.  Thus,  if  the  scales  weigh  in 
grams  (metric  system),  the  vessel  should  be  graduated  in 
cubic  centimeters  and  fractions  thereof,  while  if  the  scales 
weigh  in  ounces  and  grains,  the  vessel  should  be  graduated 
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to  correspond,  so  that  the  weight  of  water  in  it  can  be 
readily  calculated. 

To  obtain  the  specific  gravity  of  a  substance,  a  piece  of  it 
is  weighed  in  air,  in  the  ordinary  manner,  and  then  sub- 
merged in  water  in  the  graduated  vessel.  The  height  of 
water  in  the  vessel  before  putting  in  the  fragment  is  noted. 
This  is  subtracted  from  the  height  to  which  the  water  rises 
when  the  fragment  is  submerged  in  it,  and  the  difference  is 
the  amount  of  water  displaced.  The  weight  of  this  volume  is 
readily  figured — 1  cubic  inch  of  water  weighs  252.5  +  grains, 
or,  in  metric  measure,  1  cubic  centimeter  of  water  weighs 
1  gram  —  and,  as  before,  the  weight  of  the  fragment 
divided  by  the  weight  of  the  water  displaced  gives  the 
specific  gravity  of  the  substance.  For  this  rough  work,  the 
change  of  volume  with  the  temperature  need  not  be  con- 
sidered. 


EXAMINATION    OF    MINERAL   SPECIMENS. 

17.  In  the  preliminary  examination  of  mineral  speci- 
mens, the  student  must  note  clearly  all  striking  physical 
characteristics;  the  hardness  should  be  determined,  and  the 
specific  gravity,  as  nearly  as  possible  with  the  appliances  at 
hand.  These  results  will  of  course  suggest  to  the  student 
more  or  less  about  the  specimen,  according  to  his  familiarity 
with  minerals.  Finally,  the  specimen  should  be  thoroughly 
examined  before  the  blowpipe,  in  accordance  with  the 
method  already  suggested  in  the  Paper  oi  Blowpiping^  and 
the  information  hereinafter  given  will  enable  him  to  deter- 
mine the  specimen  with  reasonable  certainty. 

In  this  Paper  are  described  only  such  minerals  as  are  of 
commercial  importance,  and  no  attention  is  paid  to  those  of 
merely  scientific  interest.  The  important  ores  of  the  ordi- 
nary metals  of  economic  value  will  be  given,  together  with 
such  other  miscellaneous  minerals  as  are  extensively  used  in 
the  various  industries. 
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CRYSTALLOGRAPHY. 

18*  Crystallosraptiy  is  that  branch  of  mineralogy 
treating  of  the  crystalline  forms  assumed  by  the  various 
minerals. 

19.  For  convenience  in  classification,  the  crystal  forms 
may  be  divided  into  six  main  classes,  or  systems  of  crystal- 
lization^ according  to  their  degrees  of  symmetry. 

A  symmetry  plane  is  a  plane  which  divides  a  crystal  so 
that  the  two  portions  of  the  crystal  bear  the  same  relation 
to  each  other  as  an  object  bears  to  its  image  in  a  mirror; 
that  is,  every  point  on  the  surface  of  the  crystal  on  one  side 
of  the  dividing  plane  has  a  corresponding  point  directly 
opposite,  and  at  the  same  distance  from  the  plane,  on  the 
other  side.  A  symmetrical  body  is  a  body  that  can  be 
divided  by  a  symmetry  plane.  A  symmetry  axis  is  an 
imaginary  line  through  the  center  of  a  crystal,  perpendicular 
to  a  symmetry  plane  and  connecting  either  the  centers  of 
opposite  crystal  faces  or  the  vertices  of  opposite  crystal 
angles. 

In  the  crystal  systems  in  which  the  forms  are  symmetri- 
cal, the  crystal  axes  are  always  also  symmetry  axes;  and 
in  determining  the  crystal  system  to  which  a  symmetrical 
crystal  belongs,  the  more  prominent  group  of  symmetry 
axes  is  selected,  and  these  are  considered  as  the  crystal  axes 
of  the  system.  One  axis  of  the  group  is  selected  as  the  ver- 
tical crystal  axis,  and  in  the  examination  of  the  crystal  is 
always  considered  as  being  in  an  upright  position ;  the  other 
axes  then  become  lateral  crystal  axes. 

The  six  systems  of  crystallization  are  the  isometric^  tet- 
ragonal^ orthorhombic^  monoclinic^  triclinic,  and  hexagonal. 
The  distinguishing  characteristics  of  each  system  are  as 
follows : 

.Isometric   has  three  crystal  axes,  of  equal  length  and 
intersecting  one  another  at  right  angles. 

Tetragonal  has  three  crystal  axes,  intersecting  one 
another  at  right  angles;  two,  which  are  of  equal  length,  are 
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considered  as  lateral  axes ;  the  third  is  the  vertical  axis,  and 
is  not  of  the  same  length  as  the  other  two. 

Orttiortioinblc  has  three  crystal  axes,  intersecting  one 
another  at  right  angles,  but  no  two  are  of  the  same  length. 

Monoclinic  has  three  crystal  axes;  the  vertical  axis  and 
one  lateral  axis  (the  one  running  from  front  to  back)  are 
oblique  to  each  other,  but  the  transverse  lateral  axis  is  at 
right  angles  to  both  of  the  others. 

Triclinic  has  three  crystal  axes,  all  oblique  to  one 
another. 

Hexagonal  has  four  crystal  axes;  the  three  lateral  axes 
are  at  right  angles  to  the  vertical  axis,  and  intersect  one 
another  at  angles  of  60°. 


ISOMETRIC    SYSTEM. 

20.  The  crystal  axes  of  the  isometric  system  being  all 
of  the  same  length,  and  all  at  right  angles  to  one  another, 
it  is  immaterial  which  one  is  selected  as  the  vertical  axis,  as 


the  shape  of  the  crystal  is  the  same  with  reference  to  all  of 
them.  In  the  elementary  forms  of  this  system  all  the  faces 
are  exactly  alike.  In  the  compound  forms,  resulting  from 
a  combination  of  two  or  more  elementary  forms,  this  is,  of 
course,   not   the   case,   and   in   nature    an   almost    infinite 
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variety  in  the  shape  and  number  of  the  faces  of  crystals  is 
produced  by  this  compounding.  The  elementary  isometric 
forms^— shown  in  Fig.  1 — and  their  distinguishing  character- 
istics are  as  follows: 

Cube  (a)  has  six  square  faces,  meeting  at  right  angles. 

Octatiedroii  (b)  has  eight  faces,  each  of  which  is  an 
equilateral  (equal-sided)  triangle. 

Dodecatiedron  (c)  has  twelve  diamond-shaped  faces. 

Trlsoctatiedron  {d)  has  twenty-four  triangular  faces. 
It  derives  its  name  from  its  general  resemblance  to  the  octa- 
hedron, and  the  fact  that  each  face  of  the  octahedron  is 
replaced  in  the  trisoctahedron  by  three  faces  which  form  a 
low  triangular  pyramid. 

Trapezotiedron  {e)  has  twenty-four  faces,  each  of  which 
is  an  irregular  four-sided  figure  known  as  a  trapezium.  Like 
the  trisoctahedron,  it  has  the  general  form  of  the  octahedron, 
but  each  face  of  the  latter  is  replaced  in  the  trapezohedron 
by  a  group  of  three  of  the  trapezoidal  faces. 

Tetraliexaliedroii  (/)  has  twenty-four  triangular  faces, 
arranged  in  groups  of  four.  Each  group  forms  a  low,  square 
pyramid,  the  base  of  which  corresponds  to  one  of  the  faces 
of  the  cube  or  hexahedron,  hence  the  name. 

Hexoctaliedroii  (g)  has  forty-eight  faces,  arranged  in 
eight  groups,  of  six  triangular  faces  each ;  has  the  general 
form  of  the  octahedron,  each  group  of  six  faces  correspond- 
ing to  a  face  of  the  octahedron ;  resembles  both  the  trisocta- 
hedron and  trapezohedron. 


HBMIHBDRAL   FORMS. 

21.  Besides  these  ordinary,  whole,  or  holohedral  (all- 
sided)  forms,  the  elementary  hemihedral  forms  should  be 
included  in  a  list  of  elementary  forms.  Hemiliedral  forms 
are  crystal  forms  in  which  only  every  other  face  is  devel- 
oped, and  the  intermediate  ones  are  omitted.  Thus,  if  in 
the  octahedron  [(^)  Fig.  1],  we  consider  each  alternate  face 
to  be  omitted  and  the  planes  of  the  remaining  faces  to  be 
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extended  till  they  intersect  one  another,  we  have  a  new 
form — the  tetrahedron,  or  four-faced  form,  which  is  shown 
in  Fig.  2  (a).  In  the  figure,  the  two  shaded  faces  of  the 
small  octahedron  included  in  the  tetrahedron  illustrate  how 
the  alternate  faces  are  developed.  The  tetrahexahedron, 
treated  in  the  same  way,  gives  the  pentagonal  dodeca- 
hedron (twelve-faced  form)  shown  at  {d).  The  hemihedral 
forms  of  the  trisoctahedron,  trapezohedron,  and  hexoctahe- 
dron, which  are  shown  at  (t),  (d),  and  (c),  respectively,  are 
obtained  in  the  same  general  way,  but  instead  of  developing 
every  other  face,  as  in  the  other  forms,  the  faces  are  devel- 
oped in  alternate  Sfis,  corresponding  to  the  faces  o£  an  octa- 
hedron.    Every  face  in  one  octant  is  developed;  then  the 


next  adjacent  set  is  skipped  and  the  faces  in  the  third  octant 
developed,  and  so  on  around,  developing  all  the  faces  in 
each  alternate  octant.  The  faces  of  a  trisoctahedron,  devel- 
oped in  this  way,  intersect  one  another  to  form  the  trape- 
zoidal faces  of  the  tetragonal  trls tetrahedron  {c),  while 
the  faces  of  the  trapezohedron  intersect  to  form  the  trian- 
gular faces  of  the  trigonal  trlstetrabedron  (d),  and  the 
faces  of  the  hexoctahedron  remain  unchanged  in  the  hex- 
tetrahedron  (c).  The  forms  given  in  Fig.  3  are  all  the 
elementary  hemihedral  forms.     Like  the  whole  forms,  they 
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combine  among  themselves  in  great  variety ;  but  hemihedral 
forms  never,  under  any  circumstances,  combine  with  bolo- 
hedral  forms. 

TETRAGONAL   SYSTEM. 

22.  In  considering  a  crystal  of  the  tetragonal  system, 
the  two  equal  axes  are  always  assumed  as  the  lateral  axes, 
and  the  odd  axis  becomes  the  vertical  axis.  The  elementary 
forms  of  this  system  are  square  and  octagonal  prisms,  and 
double-ended  square  pyramids  (octahedrons)  and  octagonal 
pyramids.  As  in  the  isometric  system,  a  great  variety  of 
forms  results  from  the  combination  of  these  elementary 
forms. 


Both  the  prisms  and  the  pyramids  of  the  tetragonal  system 
may  be  divided  into  two  classes:  direct  and  indirect.  In 
the  direct  forms,   the  crystal  faces  intersect  both  lateral 
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axes,  as  at  {a)  and  {d),  Fig.  3;  in  the  indirect  forms,  the 
faces  cut  one  lateral  axis  and  are  parallel  to  the  other,  as 
at  {c)  and  (d).  In  all  the  systems  except  the  isometric,  a 
face  parallel  to  both  lateral  axes  is  called  a  basal  plane. 
Such  are  the  faces  closing  the  top  and  bottom  of  an  ordinary 
prism.  Cleavage  parallel  to  a  basal  plane  is  known  as  6asa/ 
cleavage ;  parallel  to  the  faces  of  a  prism,  as  prismatic  cleav- 
age; parallel  to  the  faces  of  an  octahedron,  as  octahedral 
cleavage,  etc.,  the  cleavage  in  every  case  taking  its  name 
from  the  face  to  which  it  is  parallel. 

23.  Fig.  3  shows  the  simpler  forms  of  the  tetragonal 
system.  With  the  exception  of  the  four  forms  already 
described  (^^,  ^,  c^  and  rf),  and  the  octagonal  prism  (e)  and 
pyramid  (/),  the  forms  are  all  compound. 


HBMIHBDSAL   FORMS. 

24.  The  hemihedral  forms  of  the  tetragonal  system, 
some  of  which  are  shown  in  Fig.  4,  are  derived  in  the  same 
way  as  those  of  the  isometric  system.     The  tetrahedron  {cl) 


is  derived  from  the  octahedron;  the  ditetrahedron  (b)  is 
derived  from  the  dioctahedron,  or  octagonal  pyramid ;  and 
the  square  prism,  which  is  shown  at  (^r),  with  its  corners  cut 
off  by  the  faces  of  the  ditetrahedron,  is  derived  from  the 
octagonal  prism. 

25.  It  is  frequently  somewhat  difficult  to  distinguish 
certain  tetragonal  forms  from  similar  isometric  forms.  This 
is  particularly  true  of  the  octahedrons  and  their  half-forms, 
the  tetrahedrons,  in  which  there  is  no  distinction,  except 
that  one  axis  of  the  tetragonal  forms  is  longer  or  shorter 
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than  the  other  two,  while  all  three  axes  of  the  isometric 
forms  are  of  equal  length,  so  that  the  faces  of  the  isometric 
crystals  are  equilateral  triangles,  while  the  faces  of  the 
tetragonal  crystals  have  only  two  sides  of  the  triangle  equal. 
Even  this  distinction  is  frequently  destroyed  by  a  distortion 
of  the  isometric  crystals,  so  that  the  three  axes  are  no  longer 
equal.  In  such  a  case  we  must  refer  to  the  crystal  angles, 
or  angles  formed  by  the  intersection  of  crystal  faces,  which 
remain  unchanged,  no  matter  how  great  the  distortion  of 
the  crystal.  Thus,  if  the  angle  at  the  vertex  of  an  eight- 
sided  crystal  is  exactly  a  right  angle,  we  know  at  once  that 
the  form  is  an  isometric  octahedron,  for  the  vertex  angles 
of  the  tetragonal  and  orthorhombic  octahedrons  are  never 
exactly  right  angles.  In  the  case  of  the  isometric  cube  and 
the  tetragonal  and  orthorhombic  prisms,  the  distinction  is 
much  more  simple,  as,  no  matter  how  badly  distorted  the 
crystal  may  be,  all  the  faces  of  an  isometric  crystal  have 
exactly  the  same  luster  and  markings;  while  the  basal  plane 
in  the  tetragonal  and  orthorhombic  systems  has  a  somewhat 
different  appearance  from  the  prism  faces;  and  in  the 
orthorhombic  system  the  two  sets  of  parallel  prism  faces 
differ  in  appearance  from  each  other,  as  well  as  from  the 
basal  planes — a  characteristic  which  serves  to  distinguish 
orthorhombic  prisms  from  distorted  tetragonal  prisms.  Dis- 
torted tetragonal  pyramids  are  similarly  distinguished  from 
orthorhombic  pyramids,  the  luster  of  adjacent  faces  of  the 
latter  being  different,  while  that  of  opposite  faces  is  identical. 


ORTHORHOMBIC    SYSTEM. 

26.  The  three  axes  of  the  orthorhombic  system  being 
all  of  different  lengths,  but  at  right  angles  to  one  another, 
any  one  of  them  may  become  the  vertical  axis,  the  selection 
resting  with  the  operator,  and  usually  depending  more  or 
less  on  the  general  shape  of  the  crystal.  For  instance,  if 
the  crystal  is  fiat  and  tabular,  the  main  faces  of  the  tablet 
are  usually  considered  as  basal  planes,  while  if  it  is  long  and 
prismatic,  pyramidal,  or  barrel-shaped,  the  longest  axis  is 
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usually  selected  as  the  vertical  axis.     The  longer  lateral 
axis  is  usually  selected  as  the  transverse  axis. 

The  crystal  forms  of  this  system  correspond  to  those  of 
the  tetragonal  system.  The  direct  prisms  and  pyramids 
correspond  exactly  with  the  similar  tetragonal  forms,  except 
in  the  different  luster  and  markings  of  adjacent  faces  and 
the  measurement  of  the  solid,  crystal  angles  (angles  made 
by  the  intersection  of  three  or  more  faces).  Instead  of  the 
indirect  prism,  however,  we  have  two  pairs  of  parallel,  ver- 
tical faces,  which,  when  both  pairs  are  developed,  intersect 
to  form  a  vertical,  rectangular  prism  with  its  faces  parallel 
to  the  lateral  axes  of  the  crystal ;  the  pair  of  faces  parallel  to 
the  longer  or  macro-dixis  constitutes  a  macropinacoid,  and 
the  pair  parallel  to  the  shorter  or  brachy-diJiis  is  a  brachy- 
pinacoid.  And  in  the  same  way,  instead  of  the  indirect 
pyramid,  we  have  two  horizontal  prisms,  each  formed  by 
the  four  faces  parallel  to  one  lateral  axis  and  cutting  the 
other  lateral  axis  and  the  vertical  axis;  the  faces  of  the 
prism  parallel  to  the  longer  lateral  axis  (the  macro-axis)  con- 
stitute a  macrodomey  and  those  parallel  to  the  brachy-axis 
constitute  a  brachydome.  If  both  domes  are  developed,  the 
resulting  form  is  a  rectangular  pyramid,  or  octahedron. 
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27.     Fig.  5  shows  the  principal  simple  forms  of  this  sys- 
tem.    There  is  only  one  purely  elementary  form — the  true 
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octahedron,  or  pyramid,  shown  at  (a).  The  other  forms  of 
the  system  are,  necessarily,  all  compounds  of  two  or  more 
forms,  as,  excepting  the  pyramid,  none  of  the  forms  has 
more  than  four  faces,  and  the  basal  planes  and  pinacoids 
have  only  two,  and  it  requires  at  least  six  faces  to  form  a 
complete  holohedral  crystal.  The  hemihedral  forms  of  the 
system  are  unimportant — in  fact,  so  far  as  is  known,  there 
are  no  true  hemihedral  orthorhombic  forms  in  nature — Whence 
they  will  not  be  discussed.  The  forms  shown  in  Fig.  5 
are  as  follows : 

(a)     Octahedron  or  pyramid, 

{p)     Prism  (1-1)  and  basal  plane  (2). 

(^r)     Pinacoidal  prism,  made  up  of  macropinacoid  (1)  and 
brachypinacoid  (2),  and  basal  plane  (3). 

(rf)     Tabular  prism,  made  up  like  (^),  but  with  the  long 
edges  beveled  by  a  macrodome  (4). 

{e)    Basal  plane  (1)  ^Xi^  prism  (2-2)  with  front  and  back 
corners  truncated  by  a  macrodome  (3-3). 

(/)     Basal  plane  {I),  prism  (2-2),  macrodome  (3-3),  and 
br  achy  dome  (4-4). 

The  tabular  orthorhombic  forms  are  very  characteristic 
of  the  mineral  barite. 


MONOCLINIC    SYSTEM. 

28«  The  crystals  of  the  monoclinic  system  are  sym- 
metrical with  reference  to  only  one  plane.  In  examining  a 
crystal  of  this  system,  the  symmetry  plane  is  always  con- 
sidered as  being  vertical  and  running  from  front  to  back; 
the  symmetry  axis,  therefore,  coincides  with  the  transverse 
lateral  crystal  axis.  This  axis,  being  at  right  angles  to  the 
symmetry  plane,  is,  consequently,  at  right  angles  to  both  the 
other  axes,  since  they  both  He  in  that  plane,  and  for  this 
reason  it  is  called  the  ortho-  (right)  axis.  The  other  lateral 
axis  is  oblique  to  the  vertical  axis,  inclining  from  back  to 
front,  and  is  called  the  clino-  (inclined)  axis. 

The  forms  of  this  system  are  prisms,  pinacoids,  pyramids, 
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domes,  and  basal  planes,  as  in  the  orthorhombic  system. 
Instead  of  macro-  and  brachydomes  and  pinacoids,  however, 
we  have  the  orthodome  and  orthopindcoid  with  their  faces 
parallel  to  the  ortho-axis,  and  the  clinodome  and  clinopinacoid 
with  their  faces  parallel  to  the  clino-axis. 

The  elementary  forms  whose  faces  intersect  both  the  clino- 
axis  and  the  vertical  axis  are  divided  into  two  classes— /^j/- 
tive  and  negative — according  to  the  position  of  their  faces 
with  reference  to  the  central  angles  of  the  crystal.  Thus, 
if  a  plane  be  assumed  through  the  vertical  axis  and  the 
ortho-axis,  and  another  through  the  two  lateral  axes,  these 
planes  will,  of  course,  intersect  each  other  along  the  ortho- 
axis,  as  it  is  common  to  both  of  them,  and  at  their  intersec- 
tion will  form  four  plane  angles,  the  alternate 
angles  being  equal,  but  one  pair — the  top-front 
and  lower-back  angles — being  larger  than  the 
other  pair,  on  account  of  the  inclination  of  the 
clino-axis;  and  all  crystal  forms  whose  faces  ar^ 
in  the  two  sections  of  the  crystal  lying  within 
the  planes  of  the  two  larger  plane  angles  are 
known  diS  positive^  while  those  whose  faces  are  in 
the  smaller  sections  are  known  as  negative.  Fig.  6  shows 
the  four  faces  forming  a  positive  pyramid.  The  prism, 
clinodome,  and  the  pyramid  are  made  up  of  four  faces  each ; 
the  orthodomes,  pinacoids,  and  basal  plane  have  only  two 
faces  to  each  form. 

29«  As  the  least  number  of  faces  a  solid,  holohedral 
crystal  of  any  form  can  have  is  six,  none  of  these  elementary 
forms  occur  alone  in  nature;  but  all  monoclinic  crystals  are 
made  up  of  combinations  of  two  or  more  of  the  elementary 
forms.  In  Fig.  7,  we  have  shown  a  few  of  the  simpler  and 
more  common  forms.  To  assist  the  student  in  identifying 
them,  we  have  numbered  each  kind  of  face  as  follows: 

1.  Orthopinacoidal  face.       -\-b.  Positive  orthodome  face. 

2.  Clinopinacoidal  face.        —5.  Negative  orthodome  face. 

3.  Prism  face.                            G.  Clinodome. 
+4.  Positive  pyramidal  face.     7.  Basal  plane. 
—4.  Negative  pyramidal  face. 
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The  last  three  forms  are  what  are  called  twinned  crystals, 
twinning  being  merely  a  combination  of  two  (or  more) 
crystals  of  the  same  form,  but  with  their  axes  in  different 
positions.  Twinning  sometimes  produces  what  are  appar- 
ently entirely  new  forms,  but  generally  the  individual  forms 


W  ^ 


Fig.  7. 

can  be  readily  distinguished.  Twinned  crystals  usually 
have  reentrant,  or  concave,  angles,  by  which  they  can  be 
readily  distinguished  from  normal  crystals,  in  which  concave 
angles  never  occur.  They  may  frequently  be  recognized 
also  by  the  tiny  ridges  or  striae  on  the  common  face,  meet- 
ing in  a  line  down  the  middle  of  the  face,  as  in  the  case  of 
gypsum,  shown  normal  at  (ci)  and  twinned  at  (U).  This 
indicates  that  the  face  is  really  made  up  of  two  faces  in  the 
same  plane,  but  with  their  striae  in  different  positions. 
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TRICUINIC    SYSTEM. 

30«  As  the  axes  of  the  triclinic  system  are  all  of  dif- 
ferent lengths  and  all  inclined  to  one  another,  the  system 
can  have  no  symmetry  planes,  and  there  can,  under  no  cir- 
cumstances, be  more  than  two  faces  of  a  kind  identical  in 
form,  luster,  and  position  with  reference  to  the  axes.  The 
simplest  crystals  thus  require  at  least  three  different  forms 
to  complete  the  crystal.  Thus,  the  simplest  prismatic 
crystal  is  made  up  of  two  ^ets  of  prism  faces  (two  faces  to  a 
set) — or  the  prism  may  be  made  up  of  two  sets  of  pinacoidal 
faces — and  a  pair  of  basal  planes;  six  faces  in  all,  represent- 
ing three  different  forms. 

The  forms  of  the  triclinic  system  are  practically  the  same 
as  those  of  the  monoclinic  prisms,  pyramids,  domes,  pina- 
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coids,  and  basal  planes.  Since  both  lateral  axes  are  inclined 
to  the  vertical  axis,  however,  we  can  not  very  well  specify 
either  as  the  clino-axis,  so  we  resort  again  to  the  terms 
macro-   and    brachy-   to    distinguish    the   long    and    short 
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lateral  axes,  respectively,  as  in  the  orthorhombic  system, 
and  the  domes  and  pinacoids  are  distinguished  in  the  same 
way,  macrodomes  and  macropinacoids  having  their  faces 
parallel  to  the  longer  lateral  axis,  and  the  faces  of  brachy- 
domes  and  brachypinacoids  being  parallel  to  the  shorter 
lateral  axis. 

Fig.  8  shows  some  of  the  simpler  triclinic  crystals  with 
the  faces  of  the  different  forms  marked  as  follows : 

1.  Macropinacoid.  —  4.  Negative  macrodome. 

2.  Brachypinacoid.  +  5-  Positive  brachydome. 
-f-  3.  Positive  prism.  —  5.   Negative  brachydome. 
—  3.   Negative  prism.  6.   Pyramid. 

+  4.  Positive  macrodome.        7.  Basal  plane. 

31.  Occasionally  the  inclination  of  the  lateral  axes  to 
each  other  is  so  slight  that  it  becomes  very  difficult  to  dis- 
tinguish the  triclinic  forms  from  similar  monoclinic  forms. 
In  such  a  case  the  student  should  remember  that  the  angle 
between  the  pinacoidal  crystal  (and  cleavage)  faces  of  the 
monoclinic  crystals  is  always  exactly  a  right  angle,  while  in 
the  triclinic  system  there  is  never  any  angle  less  than  three 
or  four  degrees  away  from  a  right  angle. 


HEXAGONAL   SYSTEM. 

32.  The  hexagonal  system  is  very  closely  allied  to  the 
tetragonal  system.  All  the  forms  of  the  latter  system  have 
exactly  corresponding  forms  in  the  hexagonal  system ;  there 
being  three  equal  lateral  crystal  axes  in  the  hexagonal 
system,  however,  all  the  lateral  faces  of  hexagonal  forms 
occur  in  multiples  of  three,  while  in  the  tetragonal  system 
they  occur  in  multiples  of  .two,  only.  The  angles  between 
lateral  faces  also  differ  correspondingly. 

The  elementary  forms  of  the  system  are  direct  and  indirect 
hexagonal  prisms  and  pyramids  (called  prisms  and  pyramids 
of  the  first  order  and  secoftd  order,  respectively),  dihex- 
agonal  prisms  and  pyramids — corresponding  to  the  octagonal 
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prisms  and  pyramids  of  the  tetragonal  system — and  basal 
planes.  These  forms  are  shown  in  Fig,  9  in  the  order 
named. 


HEMIHEDRAL,    FORMS. 

33.  The  hemihedral  forms  of  the  hexagonal  system  are 
more  abundant  in  nature,  and,  consequently,  more  impor- 
tant than  the  holohedral  forms. 

Pyramidal  Hemihedral  Forms. — There  are  two  dis- 
tinct classes  of  heinihedral  forms  in  this  system.  The 
elementary  forms  of  the  first  class,  which  are  called  pyra- 
midal hemihedral  forms,  are  only  two  in  number,  and  are 
derived  by  developing  the  faces  in  the  alternate  sections  of 
the  crystal  forms  between  the  six  vertical  symmetry  planes. 
Thus,  if  in  the  dihexagonal  prism  we  develop  the  alternate 
prism  faces,  which  are  shown  shaded  in  Fig.  9,  we  get  a 
\i^x?L^ona\  prisnt  of  the  third  order  ;  and  by  developing  the 
shaded  faces  of  the  dihexagonal  pyramid,  we  get  a  hcx- 
A^ousA  pyramid  of  the  third  order.  The  prisms  and  pyra- 
mids of  the  third  order  can  be  distinguished  from  those  of 
the  first  and  second  orders  only  through  their  association 
with  other  hemihedral  forms. 
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34.     Rhomboliedral     Hemlliedral     Forms*  —  The 

hemihedral  forms  of  the  second  class,  called  rhombohedral 
hemihedral  forms,  are  derived  in  the  ordinary  manner,  each 
alternate  crystal  face  above  and  below  the  horizontal  sym- 
metry plane  being  developed.  The  class  derives  its  name 
from  the  most  common  and  characteristic  form — the  rhom- 
bohedron — which  is  the  hemihedral  form  of  the  hexagonal 
pyramid.  The  rhombohedral  hemihedral  form  of  the  dihex- 
agonal  prism  is  the  scalenohcdron^  a  double-eVided  hexagonal 
prism,  each  face  of  which  is  a  scalene  triangle  (a  triangle 
with  no  two  sides  equal). 

Calcite  always  crystallizes  in  the  rhombohedral-hexagonal 
system,  and  so  also  do  dolomite  and  sid'erite.  Calcite  crys- 
tals assume  a  great  variety  of  forjns.     Fig.  10  represents 
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Fig.  10. 

some  of  the  many  characteristic  forms  of  calcite.  The 
forms  from  a  to  ^are  rhombohedrons;  ^  is  a  scalenohedron ; 
fy  prisms  with  rhombohedron  and  basal  plane;  g^  a  rhombo- 
hedron  with  basal  plane;  h  and  i^  prism  and  rhombohedrons; 
andy  shows  a  rhombohedron,  scalenohedron,  and  basal  plane. 
It  is  sometimes  very  difficult  to  distinguish  rhombohedrons 
from  cubes,  but  the  faces  of  a  rhombohedron  are  never 
exactly  square,  or  even,  rectangular,  but  are  always  more  or 
less  diamond-shaped.  The  vertical  axis  in  the  rhombohedron 
always  connects  two  opposite  solid  angles,  while  in  the  cube 
it  connects  the  centers  of  opposite  faces. 
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Rhombohedral  hemihedral  forms  may  be  easily  distin- 
guished from  any  other  forms  from  the  fact  that  the  inter- 
section of  the  upper  and  lower  pyramidal  faces  of  this  class 
with  one  another,  or  with  prism  faces,  forms  a  broken, 
jagged  line,  with  angles  alternately  above  and  below  an 
intermediate  horizontal  plane,  whereas  the  basal  edges  of 
pyramidal  faces  in  all  other  forms  are  horizontal. 

35.  Tetartohedral  Forms. — Prisms  and  pyramids  of 
the  third  order  have  still  further  hejnihedral  forms,  formed 
in  the  ordinary  manner,  and  called  tetartohedral  forms, 
because  they  have  developed  only  one-fourth  of  the  faces  of 
the  holohedral  forms.  The  principal  forms  are  a  rhombohe- 
dron,  identical  with  the  rhombohedron  of  the  rhombohedral 
section,  a  trapezohedroh,  almost  identical  in  form  with  the 
rhombohedron,  the  only  difference  being  that  each  of  the  six 
faces  is  trapezoidal  (has  four  sides,  in  two  pairs  of  equal 
sides,  but  the  sides  of  one  pair  are  not  equal  to  the  sides  of 
the  other)  instead  of  rhomboidal  (diamond-shaped — four 
equal  sides).  These  forms  sometimes  occur  in  quartz 
crystals. 

DISTORTION. 

36.  Natural  crystals  are  usually  more  or  less  distorted — 
in  fact,  perfect  natural  crystals  are  comparatively  rare. 
The  crystal  axes  are  extended  lineally,  destroying  their 
proper  proportion  to  one  another,  and  making  faces,  which 
should  be  identical  in  shape,  very  different;  or  the  axes  may 
be  bent  or  twisted — sometimes  very  much  so,  twisting  com- 
pletely around — giving  curved  crystal  faces  instead  of  the 
normal  planes.  This  curvature  of  the  crystal  axes  appears 
to  be  characteristic  of  a  few  certain  minerals,  as  dolomite, 
siderite,  quartz,  and  chlorite,  but  linear  distortion  is  com- 
mon in  all  minerals. 

However  badly  a  crystal  may  be  distorted,  it  nevertheless 
always  retains  certain  characteristics  of  its  crystal  system, 
by  which  it  can  be  identified.  Besides  the  similar  luster 
and  markings  of  corresponding  faces,  which  have  already 
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been  discussed,  we  have  the  fact  that  the  crystal  axes,  how- 
ever badly  they  may  be  distorted  as  to  relative  length, 
are  never  distorted  as 
to  their  relative  position 
to  one  another;  that  is, 
if  all  or  any  two  of  the 
axes  in  the  normal  crys- 
tal intersect  at  a  given 
angle,  this  angle  is 
maintained  in  the  dis- 
torted crystal,  and  the 
corresponding  angles 
between  the  faces  are 
likewise  never  distorted. 
Thus,  in  Fig.  11,  there 
are  shown  a  normal  iso- 
metric octahedron  and 
three  distorted  octa- 
hedrons, and  it  will  be 
seen  that  the  faces  on 
the  distorted  forms  are 
in  every  case  exactly 
parallel  to  the  corre- 
sponding faces  in  the 
normal  form.  Fig.  12 
shows  a  dodecahedron 
treated     in     the    same  fio,  12. 

way.     This  same  peculiarity  runs  through  all  the  systems, 
and  forms  an  infallible  guide  in  identifying  them. 


IRON  (Fe). 
37.  Iron  is  the  most  abundant  of  the  metallic  elements, 
and,  from  a  commercial  standpoint,  by  far  the  most  impor- 
tant. Native  metallic  iron  is  occasionally  found  in  meteor- 
ites (shooting-stars),  but,  so  far  as  is  known,  it  does  not 
occur  in  the  native  state  as  a  constituent  of  the  earth's  crust. 
The  various  minerals,  however,  particularly  the  oxides,  are 
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very  abundant.  They  are  so  abundant,  in  fact,  and  the 
market  price  of  iron  is  so  low,  that  only  very  rich  and  pure 
ores  will  pay  to  mine,  and  then  only  when  in  large  deposits, 
convenient  for  transportation.  The  iron  of  commerce  is 
obtained  from  these  ores  by  smelting. 

Iron  is  a  gray,  malleable,  and  ductile  metal,  highly  sus- 
ceptible to  magnetism,  in  which  respect  it  far  surpasses  both 
nickel  and  cobalt,  the  only  other  metals  exhibiting  this 
property  to  a  marked  degree.  Pure  iron  is  more  or  less 
soluble  in  nearly  all  acids.  A  peculiarity  of  metallic  iron  is 
that  it  is  insoluble  in  concentrated  sulphuric  acid,  although 
readily  soluble  in  the  same  acid  when  diluted.  On  account 
of  this  property,  iron  tanks  are  used  almost  exclusively  in 
shipping  large  quantities  of  concentrated  sulphuric  acid. 
The  hardness  of  pure  iron  is  between  4  and  5. 


IRON    MINERALS. 

38.  The  'iron  minerals  are  all  colored,  give  colored 
streaks,  and  are  mostly  hard,  and  all  are  heavy.  Before  the 
blowpipe,  they  all  give  iron-beads  with  borax  and  salt  of 
phosphorus,  and  when  fused  with  soda  on  charcoal,  in  a 
reducing  flame,  they  nearly  all  give  a  metallic  mass,  which 
is  attracted  by  a  magnet.  Most  of  them  dissolve  readily  in 
boiling  hydrochloric  acid,  or  if  that  fails,  in  aqua  regia,  and 
if  ammonia  in  excess  is  added  to  the  solution,  it  produces  a 
highly  flocculent  (fleecy)  precipitate  of  iron  hydrate,  which 
is  light  brown  at  first,  but  rapidly  changes  to  dark  brown. 
The  principal'  iron  minerals  are  hematite,  limonite,  mag- 
netite, siderite,  pyrite,  and  pyrrhotite. 

39.  Hematite. — Hematite  is  one  of  the  most  abundant 
and  most  important  ores  of  iron,  and  occurs  in  different 
forms,  distinguished  by  special  names.  Its  hardness,  for 
the  different  varieties,  ranges  from  5.5  to  6.5,  and  its  specific 
gravity  from  4.5  to  5.3.  Hematite  has  a  metallic  luster, 
often  splendent;  sometimes  earthy.  Its  color  is  dark  steel- 
gray  or  iron-black.  It  is  opaque,  except  when  in  thin  plates, 
when  it  is   blood-red   by   transmitted   light.      The  earthy 
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varieties  are  red.  All  varieties  give  a  cherry-red  or  reddish- 
brown  streak.  The  fracture  is  subconchoidal  and  uneven. 
Occasionally,  hematite  is  slightly  magnetic. 

Composition :  Iron  sesquioxide  (FeJD^  =  iron  70^,  oxygen 
30j^,  when  pure.  Titanium  and  manganese  are  common 
impurities. 

There  are  a  number  of  different  varieties  of  hematite, 
characterized  as  follows : 

Specular  Iron, — Luster,  metallic  and  splendent;  structure, 
frequently  micaceous. 

Red  Ocher. — A  soft,  earthy  variety  of  hematite,  of  a 
bright-red  color. 

Clay  Ironstone. — A  hard,  brownish-black  to  reddish-brown, 
heavy  stone,  of  a  submetallic  to  earthy  luster.  It  gives  a 
red  streak;  consists  of  Fefi^  mixed  with  sand  and  clay. 
This  name  is  also  applied  to  similar  varieties  of  limonite 
and  siderite. 

Mar  tit  e. — A  variety  of  hematite  in  octahedrons,  derived, 
probably,  from  the  oxidation  of  magnetite. 

B.  B.  (before  the  blowpipe)  is  infusible;  on  charcoal  in 
R.  F.,  becomes  magnetic;  with  borax  in  O.  F.,  gives  a  yellow 
bead  while  hot,  colorless  on  cooling;  if  saturated,  the  bead 
is  red  while  hot,  yellow  on  cooling;  in  R.  F.,  gives  a  bottle- 
green  color,  and  on  charcoal,  with  tin  in  R.  F.,  gives  a 
vitriol-green  color.  With  soda  on  charcoal,  is  reduced  to  a 
gray  magnetic  powder.  Soluble  in  concentrated  hydro- 
chloric acid. 

Hematite  is  distinguished  from  magnetite  by  its  red 
streak,  and  from  limonite  by  its  red  streak  and  by  its  not 
containing  any  water.     It  occurs  in  the  rocks  of  all  ages. 

40.  Limonite. — Limonite,  or  brown  hematite^  is,  per- 
haps, the  most  abundant  iron  ore.  It  is  usually  massive, 
but  occurs  in  numerous  imitative  shapes — botryoidal,  sta- 
lactitic,  fibrous,  and  occasionally  earthy.  Its  hardness 
ranges  from  5  to  5.5;  specific  gravity  from  3.6  to  4.  It  has 
a  silky  luster,  often  submetallic;  sometimes  dull  and  earthy. 
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Color  of  fractured  surface  is  some  shade  of  brown,  commonly 
dark,  and  never  bright.  Specimens  sometimes  have  a  nearly 
black,  varnish-like  exterior.  The  earthy  varieties  are  brown- 
ish-yellow to  ocher-yellow.  The  streak  is,  for  all  varieties, 
yellowish-brown. 

Composition :  A  combination  of  iron  sesquioxide  and 
water  (2/>,(9,  +  ZHjO)^  —  iron  sesquioxide  85. 6^  and  water 
14 A^.  The  percentage  of  metallic  iron  is  nearly  GO^.  In 
bog  ores  and  ochers,  manganese  and  phosphorus  are  com- 
mon impurities;  likewise,  clay,  sand,  etc. 

Like  hematite,  limonite  has  several  different  varieties,  as 
follows; 

Brozvn  Hematite. — This  variety  includes  all  the  compact 
forms — botryoidal,  stalactitic,  etc. 

Brown  Ocher  and  Yellow  Ocher. — Loose,  finely  powdered, 
earthy  varieties,  of  brown  or  yellow  color. 

Bog  Iron  Ore. — An  earthy,  brownish-black  limonite, 
occurring  in  marshy  ground. 

Brown  Clay  Ironstone. — Similar  in  composition  to  hematite 
clay  ironstone,  from  which  it  is  distinguished  by  having  a 
brown,  instead  of  red,  streak.  It  occurs  as  concretions — 
more  or  less  rounded,  ball-like  forms  or  aggregations  in  clay 
and  sandstone  formations.  It  is  frequently  of  a  pisolitic 
structure,  made  up  of  an  aggregation  of  small  concretions 
about  the  size  of  a  pea,  or  oolitic  (looking  like  the  roe  of 
a  fish). 

B.  B.  gives  the  same  reactions  as  hematite.  In  closed  tube, 
gives  water.  In  salt  of  phosphorus  bead,  some  varieties  give 
a  skeleton  of  silica  which  exists  in  the  ore  as  an  impurity. 

Limonite  is  distinguished  from  hematite  by  its  yellowish- 
brown  streak,  its  giving  water,  and  its  inferior  hardness. 
It  occurs  in  secondary  and  more  recent  deposits. 

41  •  Magnetite. — Magnetite,  or  magnetic  iron  ore  (also 
called  lodestone)^  is  remarkable  for  its  strong  magnetic  prop- 
erty, being  very  strongly  attracted  by  a  magnet,  and  some- 
times being  itself  a  magnet.     It  usually  occurs  massive,  but 
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crystals  are  not  uncommon.  It  crystallizes  in  the  isometric 
system,  usually  in  octahedrons  and  dodecahedrons,  with  an 
imperfect  to  distinct  octahedral  cleavage.  The  luster 
ranges  from  metallic  to  submetallic  on  crystal  faces.  The 
fracture  is  subconchoidal,  of  a  shining,  slightly  greasy  luster. 
The  mineral  is  brittle,  and  its  hardness  ranges  from  6.5  to 
6.5,  and  its  specific  gravity  from  4.9  to  5.2. 

Composition  :  Combination  of  iron  sesquioxide  and  iron 
protoxide  {Fe^O^  +  FeO,  or  Fe^O^^  corresponding  to  iron 
72.48^  and  oxygen  27.52j^.  Titanium  and  manganese  are 
common  impurities. 

B.  B.  fuses  with  considerable  difficulty.  In  the  O.  F., 
loses  its  magnetic  qualities.  In  the  beads,  and  on  charcoal 
with  soda,  reacts  like  hematite.  Soluble  in  hydrochloric 
acid. 

It  is  distinguished  from  hematite  and  limonite  by  its  black 
color  and  streak  and  by  being  attracted  by  the  magnet. 

Magnetite  is  most  abundant  in  the  older  crystalline  rocks, 
such  as  granite,  gneiss,  and  mica,  hornblende,  and  chlorite 
schists,  and  in  crystalline  limestones.  Also  common  in  dis- 
seminated grains  in  basalt  and  other  rocks  of  igneous  origin. 

42.  Siderite. — Siderite,  or  spathic  iron^  usually  occurs 
massive,  with  a  foliated,  or  lamellar,  structure  and  slightly 
curved  cleavage  faces.  It  has  an  eminent  rhombohedral 
cleavage.  When  crystallized  it  occurs  in  simple  rhombo- 
hedrons,  with  slightly  curved  faces.  It  assumes,  also, 
botryoidal  and  globular  forms,  having  a  subfibrous,  and 
occasionally  a  silky-fibrous,  structure. 

Perfectly  pure  siderate  is  nearly  white,  but  it  discolors 
very  rapidly  on  exposure,  from  the  formation  of  oxides  of 
iron.  It  is  generally  fawn  color,  changing  to  brown  or 
nearly  black.  The  streak  is  white.  The  coarse  crystalline 
varieties  have  a  pearly  luster,  while  the  finer-grained  varie- 
ties are  duller.  The  hardness  ranges  from  3. 5  to  4. 5,  and  the 
specific  gravity  from  3.7  to  3.9.  The  mineral  is  brittle  and 
has  an  uneven  fracture. 

Composition  :     Iron  carbonate  (FeCO^  corresponding  to 
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carbon  dioxide  {CO^)y  37. 9j^,  and  iron  protoxide  {FeO)y  62.1^. 
Metallic  iron  =  48.2^.  In  most  cases,  a  part  of  the  iron 
protoxide  is  replaced  by  manganese  oxide,  lime,  or  magnesia. 
Some  varieties  of  siderite  contain  from  8^  to  lOj^  of  man- 
ganese, which  makes  the  ore  more  valuable.  As  the  iron 
diminishes,  the  calcareous  and  magnesian  siderites  pass  into 
varieties  known  as  brown  spar  and  dolomite. 

C/aj^  ironstone^  or  ball  ironstone^  which  resembles  nodules 
of  hardened  clay,  is  a  siderite  clay  ironstone,  similar  to  those 
of  hematite  and  limonite,  which  is  found  in  the  shales  of  the 
coal  measures. 

Clay  band  ironstone,  which  is  of  similar  composition,  is  in 
connected  beds  rather  than  in  nodules,  and  blackband  iron- 
stone contains  much  carbonaceous  matter. 

B.  B.  blackens  and  fuses  at  4.5.  In  closed  tube,  decrepi- 
tates, gives  off  carbonic  oxide  and  carbonic  acid  gas,  blackens 
and  becomes  magnetic.  In  the  beads  and  with  soda  on 
charcoal,  reacts  for  iron,  and  when  heated  with  soda  and 
niter  on  platinum  foil,  generally  reacts  for  manganese.  Only 
slowly  acted  upon  by  cold  hydrochloric  acid,  but  dissolves 
with  brisk  effervescence  in  hot  hydrochloric  acid. 

Siderite  may  be  distinguished  from  calcite,  the  carbonate 
of  lime,  and  dolomite,  the  carbonate  of  lime  and  magnesium, 
both  of  which  it  much  resembles,  by  its  higher  gravity,  and 
by  becoming  magnetic  before  the  blowpipe. 

Siderite  occurs  in  many  of  the  rock  strata,  in  gneiss,  mica 
slate,  clay  slate,  and  as  clay  ironstone  in  the  coal  measures. 

43.  The  foregoing  iron  minerals  are  the  ones  from  which 
practically  all  the  iron  of  commerce  is  obtained.  The  sul- 
phides of  iron  are  important,  less  on  account  of  the  iron  they 
contain — though  sometimes  smelted  for  iron  after  roasting 
to  expel  the  sulphur — than  on  account  of  their  sulphur  con- 
tents, and  because  of  their  frequent  association  with  other 
metals  of  great  importance,  notably  gold. 

44.  Pyrite. — Pyrite,  or  iron  pyrites,  occurs  both  crys- 
talline and  massive,  and  also  in  imitative  shapes — ^globular, 
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reniform,  and  stalactitic.  It  crystallizes  in  the  isometric 
system,  usually  in  cubes,  with  the  striae  on  each  face  at  right 
angles  to  those  on  the  adjoining  faces — a  characteristic  of 
the  hemihedral  cube.  The  pentagonal  dodecahedron  [(^), 
Fig.  2]  is  also  a  very  common  form,  and  the  octahedron 
somewhat  less  common.  Combinations  of  two  or  all  of  these 
forms  are  frequent. 

Pyrite  has  a  pale,  brass-yellow  color,  but  the  streak  is 
greenish  or  brownish  black.  Its  luster  is  metallic,  and  from 
splendent  to  glistening.  It  is  quite  hard  (from  6  to  6.5)  and 
will  strike  fire  with  steel.  It  is  brittle,  with  a  conchoidal 
and  uneven  fracture.  Specific  gravity  ranges  from  4.8 
to  5. 2. 

Composition :  Bisulphide  of  iron  {FeS^^  corresponding  to 
sulphur  53.3^  and  iron  46.7^.  It  is  used  largely  in  the 
manufacture  of  sulphuric  acid,  and  frequently  contains  gold 
in  paying  amounts,  for  which  reasons  it  is  of  commercial 
importance.  Small  amounts  of  nickel,  cobalt,  and  copper 
occur  frequently  as  impurities. 

B.  B.  on  charcoal  gives  off  sulphur,  burning  with  a  blue 
flame,  and  leaving  a  magnetic  residue.  In  the  closed  tube, 
gives  a  sublimate  of  sulphur  and  a  magnetic  residue.  Gives, 
when  pure,  reactions  for  iron  in  the  beads;  insoluble  in 
hydrochloric  acid,  but  decomposed  by  nitric. 

Pyrite  is  distinguished  from  chalcopyrite  by  its  greater 
hardness,  as  it  can  not  be  scratched  by  a  knife  and  strikes 
fire  with  steel;  and  its  color  is  also  characteristic.  It  is  dis- 
tinguished from  gold  by  its  brittleness  and  by  giving  off 
sulphur  fumes  when  heated. 

Pyrite  occurs  in  rocks  of  all  ages,  from  the  oldest  crystal- 
line rocks  to  the  most  recent  deposits.  It  occurs  usually  in 
small  cubes;  also  in  irregular  ball-like  nodules,  and  in  veins; 
in  clay  slate,  clay  sandstones,  and  in  the  coal  measures, 
where  it  is  commonly  known  to  the  miner  as  ** sulphur." 
In  other  localities  it  is  called  **mundic,"  ** brasses,"  or 
** fool's  gold." 

In  many  gold  regions  it  is  worked  for  gold  with  profitable 
results. 
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45.  Pyrrhotite. — Pyrrhotite,  or  magnetic  iron  pyrites^ 
occurs  both  crystallized  and  massive.  It  crystallizes  in  the 
hexagonal  system  in  tabular  hexagonal  prisms  with  perfect 
basal  cleavage.  It  has  a  granular  structure,  a  metallic 
luster,  and  in  color  is  between  a  bronze-yellow  and  a  copper- 
red,  and  tarnishes  rapidly.  Its  streak  is  dark  grayish- 
black.  It  is  brittle  and  is  slightly  susceptible  to  magnetism, 
being  attracted  by  the  magnet  when  in  a  fine  powder.  It 
ranges  in  hardness  from  3.5  to  4.5,  and  in  specific  gravity 
from  4.4  to  4.7. 

Composition :  Variable,  but  mostly  Fe^S^^  corresponding 
to  sulphur  39.5^,  and  iron  60.5^.  Sometimes  contains  from 
3j^  to  6^  of  nickel,  this  ore  (nickeliferous  pyrites)  being  one 
of  the  most  important  nickel  ores. 

B.  B.  on  charcoal  in  R.  F.,  fuses  to  a  black  magnetic 
mass;  in  the  O.  F.,  is  converted  into  iron  sesquioxide 
{JFefi^^  which,  when  pure,  in  the  beads  and  on  charcoal 
with  soda,  gives  only  an  iron  reaction ;  many  varieties  give 
reactions  for  nickel  and  cobalt  also. 

It  is  unchanged  in  the  closed  tube,  but  gives  off  sulphur 
fumes  in  the  open  tube.  It  is  decomposed  by  hydrochloric 
acid  with  the  evolution  of  sulphureted  hydrogen,  which  has 
the  odor  of  rotten  eggs. 

Pyrrhotite  is  distinguished  from  pyrite  and  chalcopyrite 
by  its  magnetic  character  and  its  bronze  color  on  surface  of 
fresh  fracture. 

COPPER  (Cu). 

46.  This  metal  has  been  known  from  remote  antiquity, 
and  was  anciently  employed,  alloyed  with  tin,  as  bronze,  for 
making  edge  tools  and  for  other  purposes.  Copper  has  a 
red  color  and  brilliant  luster,  and  is  very  malleable,  ductile, 
and  tenacious,  and  when  warmed  or  rubbed  exhales  a  char- 
acteristic odor.  The  copper  of  commerce  is  not  pure,  but 
contains  traces  of  other  metals,  such  as  arsenic,  tin,  silver, 
etc.  Its  specific  gravity  varies  in  accordance  with  the  treat- 
ment it  has  undergone,  from  8.76  to  8.96.      Its  hardness 
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ranges  from  2.5  to  3.  When  heated  to  whiteness,  copper 
gives  off  metallic  vapors,  which  impart  a  green  color  to  the 
flame.  At  ordinary  temperatures,  exposed  to  the  action  of 
dry  air,  copper  is  not  oxidized ;  but  if  acted  on  by  a  damp 
atmosphere  it  becomes  covered  with  a  green  basic  carbonate, 
known  as  **  verdigris."  A  concentrated  solution  of  hydro- 
chloric acid  attacks  finely  divided  copper  with  facility,  and 
the  more  solid  masses  with  greater  difficulty.  Nitric  acid, 
even  when  cold  and  dilute,  dissolves  it  very  readily,  with  a 
rapid  evolution  of  nitrous  oxide,  which,  coming  in  contact 
with  the  air,  produces  large  quantities  of  characteristic  red 
fumes  of  nitric  oxide. 


COPPER    MINERALS. 

47.  All  the  copper  minerals  are  colored,  all  give  colored 
streaks,  are  rather  soft,  and  most  of  them  are  moderately 
heavy.  They  are  very  apt  to  be  associated  with  one  another, 
which  is  a  great  help  in  distinguishing  some  of  the  less 
characteristic  ones.  All  except  the  sulphides,  which  need 
roasting  first,  give  copper  beads  with  borax  and  salt  of 
phosphorus,  and  when  treated  with  soda  on  charcoal,  can 
be  reduced  to  a  button  of  metallic  copper.  They  all  dissolve 
in  aqua  regia,  and  most  of  them  dissolve  in  boiling  nitric 
acid,  and  if  ammonia  is  added  to  the  solution,  it  gives  first 
a  whitish-blue  precipitate;  this  dissolves,  on  adding  an 
excess  of  ammonia,  giving  an  intense  blue  color.  The  car- 
bonates dissolve  readily  in  nitric  acid,  with  effervescence. 
There  are  numerous  rare  copper  minerals  in  addition  to  the 
common  ones  here  given.  The  foregoing  list,  however, 
includes  all  those  of  commercial  importance. 

48.  Native  Copper. — Copper  frequently  occurs  in  the 
native  state,  as  the  result,  perhaps,  of  electrochemical  action, 
by  which  sulphate  of  copper,  arising  from  the  oxidation  of 
its  various  sulphides,  is  caused  to  slowly  deposit  the  metal 
it  contains. 

Native  copper  crystallizes  in  the  isometric  system,  in 
various  forms,  usually  more  or  less  distorted.     It  is  malleable 
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and  ductile ;  is  red  in  color ;  has  a  metallic  luster  and  shining 
streak;  has  no  cleavage;  fuses  readily  before  the  blowpipe 
into  a  metallic  globule,  which,  on  cooling,  becomes  coated 
with  a  thin  layer  of  black  oxide. 

Native  copper  is  met  with  in  irregularly-shaped  grains 
and  masses  in  fissures  in  rocks  containing  copper  ores,  and 
is  most  abundant  in  the  vicinity  of  dikes  of  igneous  rocks. 
It  is  frequently  found  in  small  amounts  at  or  near  the  out- 
crop of  copper  veins,  and  in  the  Lake  Superior  copper  region 
it  forms  the  entire  product  of  the  region,  occurring  mostly 
in  the  shape  of  fine  grains,  disseminated  through  the  rock. 

49.  Chalcopyrite. — Chalcopyrite,  or  copper  pyrites^  is 
distinguished  by  its  strong  metallic  luster  and  brass-yellow 
color.  It  is  very  much  like  iron  pyrites,  but  is  deeper  in 
color.  It  usually  occurs  in  amorphous  or  uncrystallized 
masses,  with  an  irregular  or  slightly  conchoidal  fracture ;  it 
is  also  found  in  mammillary,  stalactitic,  and  botryoidal 
forms,  and  sometimes  occurs  crystallized,  in  tetrahedrons 
and  octahedrons  of  the  (hemihedral)  tetragonal  system, 
with  indistinct  cleavage. 

Chalcopyrite  ranges  in  hardness  from  3.6  to  4,  and  in 
specific  gravity  from  4.1  to  4.3.  Its  brass-yellow  color  is 
subject  to  tarnish,  becoming  deep  yellow,  and  often  irides- 
cent; streak  is  greenish-black,  and  slightly  shining. 

Composition:  Approximately  C«^r5,  =  sulphur  34.9$^« 
copper  34.62^,  and  iron  30.5^.  Different  specimens  give 
different  proportions,  chalcopyrite  really  consisting  of  indefi- 
nite mixtures  of  iron  pyrites  and  copper  pyrites. 

B.  B.  on  charcoal  gives  fumes  of  sulphurous  oxide  and 
fuses  to  a  magnetic  globule.  In  the  closed  tube,  decrepi- 
tates, and  gives  a  sublimate  of  sulphur;  in  the  open  tube, 
gives  sulphurous  oxide  fumes.  The  roasted  ore  reacts  for 
copper  and  iron  in  the  bead;  with  soda  on  charcoal,  gives  a 
magnetic  globule  of  copper  and  iron.  Dissolves  in  nitric 
acid,  excepting  the  sulphur,  forming  a  green  solution,  which 
ammonia  in  excess  changes  to  a  deep  blue  color. 

Chalcopyrite  is  distinguished  from  pyrite  by  its  deeper 
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color  and  by  its  tarnishing,  by  being  easily  scratched  with 
a  knife,  and  by  the  reactions  for  copper  B.  B. 

The  mineral  occurs  in  veins  or  in  lodes  in  granite,  in  clay 
slate,  serpentine,  gneiss,  and  other  rocks,  and  is  commonly 
associated  with  pyrite,  blende,  galena,  and  with  the  other 
ores  of  copper. 

Chalcopyrite  is  one  of  the  largest  sources  of  the  copper 
of  commerce,  and  practically  all  the  sulphuric  acid  of  com- 
merce is  made  from  chalcopyrite  and  iron  pyrites. 

50.  Bornite. — Bornite,  or  variegated  copper  pyrites — 
also  called  peacock  copper — holds  a  somewhat  important  posi- 
tion among  copper-producing  ores.  It  has  a  reddish-brown 
color  and'  metallic  luster;  its  surface  tarnishes  rapidly  on 
exposure,  and  is  commonly  iridescent  with  different  shades 
of  blue,  purple,  and  red;  hence,  its  common  names.  Its 
streak  is  pale  grayish-black,  and  slightly  shining.  Its  struc- 
ture is  massive,  granular,  or  compact.  It  is  brittle,  and  its 
fracture  is  uneven.  When  crystallized,  it  is  in  isometric 
octahedrons  and  dodecahedrons;  cleavage  in  traces.  Its 
hardness  is  3;  specific  gravity  4.4 — 5.5. 

Composition  :  For  crystallized  varieties  is  approximately 
FeCu^S^^  or  sulphur  28.06^,  iron  16.39^,  copper  55.55^.  The 
above  proportions  change  for  other  varieties. 

B.  B.  on  charcoal  fuses  in  R.  F.  to  a  brittle  magnetic 
globule.  In  the  closed  tube,  gives  sublimate  of  sulphur;  in 
the  open  tube,  gives  sulphurous  oxide  fumes.  When  roasted, 
gives  reactions  in  the  beads  for  iron  and  copper;  soluble  in 
nitric  acid  with  separation  of  sulphur. 

Bornite  is  distinguished  from  chalcopyrite  by  its  copper- 
red,  or  bronze-red,  color  on  surface  of  fresh  fracture. 

51.  Chalcocite. — Chalcocite,  or  copper  glance — also 
sometimes  called  vitreous  copper — occurs  both  crystallized 
and  massive.  It  crystallizes  in  the  orthorhombic  system, 
frequently  in  compound,  six-sided  prisms.  It  is  found  more 
frequently,  however,  in  compact  lamellar  masses.  The  min- 
eral is  of  a  blackish-lead-gray  color,  often  tarnished  blue  or 
green  by  oxidation,  which  gives  it  an  iridescent  appearance. 
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It  has  a  metallic  luster,  and  its  streak  is  the  same  color  as 
the  mineral  on  surface  of  fracture.  The  ore  is  friable, 
slightly  sectile,  and  has  a  conchoidal  fracture.  It  varies  in 
hardness  from  2.5  to  3,  and  in  specific  gravity  from  5,5  to  5.8. 

Composition :  Cu^S  (subsulphide  of  copper)  =  sulphur 
20. 2^^;  copper  79. 8j^.  Stromeyerite  is  chalcocite  with  half 
of  its  copper  sulphide  replaced  by  the  corresponding  silver 
sulphide. 

B.  B.  on  charcoal  alone  melts  to  a  globule,  which  boils 
with  spurting;  with  soda,  is  reduced  to  a  globule  of  metal- 
lic copper.  It  yields  nothing  volatile  in  the  closed  tube,  but 
in  the  open  tube  gives  sulphurous  fumes.  It  is  soluble  in 
nitric  acid. 

Chalcocite  is  distinguished  from  the  sulphide  of  silver 
(argentite),  which  it  greatly  resembles,  by  the  copper  reac- 
tions, and  by  not  being  sectile. 

52.  Tetrahedrite. — Tetrahedrite,  or  gray  copper^  usu- 
ally occurs  massive,  granular  (coarse  or  fine),  or  compact. 
When  crystallized,  it  occurs  in  isometric  tetrahedral  crys- 
tals, from  which  the  mineral  derives  its  name.  It  ranges  in 
color  from  steel-gray  to  iron-black,  with  the  streak  the  same, 
or  sometimes  brown,  or  cherry-red.  It  is  brittle,  and  has  a 
conchoidal,  uneven  fracture.  The  hardness  ranges  from  3 
to  4.5,  and  specific  gravity  from  4.7  to  5.6  (in  the  mercury- 
bearing  variety). 

Composition  :  It  is  essentially  a  mixture  of  sulphides  of 
copper  and  antimony,  corresponding  to  the  formula  4 C«^5 -|- 
Sb^S^  (or  Cu^Sb^S^^  but  the  sulphide  of  antimony  may  be 
partially  replaced  by  sulphide  of  arsenic,  or  of  bismuth,  or 
both,  and  the  subsulphide  of  copper  may  be  partially  replaced 
by  corresponding  sulphides  of  silver,  mercury,  iron,  or  zinc. 
The  argentiferous  variety  constitutes  quite  an  important 
silver  ore,  and  is  steel-gray  to  dark  gray  in  color.  The  mer- 
curiferous  variety,  which  often  contains  15  to  185<  of  mercury, 
is  dark  gray  to  iron-black. 

B.  B.  the  characteristics  differ  in  different  varieties.  In 
the  closed  tube,  all  fuse  and  give  a  dark-red  sublimate  of 
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antimonous  sulphide ;  when  containing  mercury,  a  faint  dark- 
gray  sublimate  appears  at  a  low,  red  heat ;  if  much  arsenic, 
a  sublimate  of  arsenous  sulphide  first  forms.  In  the  open 
tube,  fuses,  gives  sulphurous  fumes  and  a  white  sublimate  of 
antimony.  If  arsenic  is  present,  a  crystalline  volatile  sub- 
limate condenses  with  the  antimony;  if  the  ore  contains 
mercury  it  condenses  in  the  tube  in  metallic  globules.  B.  B. 
on  charcoal,  gives  a  coating  of  antimonous  oxide;  sometimes 
arsenic  oxide,  zinc  oxide,  and  lead  oxide.  The  arsenic  may 
be  detected  by  the  garlic  odor  exhaled  when  the  coat  is 
treated  in  the  R.  F. ;  the  zinc  oxide  assumes  a  green  color 
when  heated  with  the  cobalt  solution.  Roasted,  the  mineral 
reacts  in  the  beads  for  copper.  With  soda  on  charcoal,  yields 
a  button  of  metallic  copper ;  during  this  test  the  presence  of 
even  a  trace  of  arsenic  becomes  apparent  by  the  odor.  The 
presence  of  mercury  is  best  told  by  fusing  the  pulverized  ore 
in  the  closed  tube  with  about  three  times  its  weight  of  dry 
soda,  the  metal  subliming  and  condensing  in  small  metallic 
globules.  The  silver  is  determined  by  cupellation.  Nitric 
acid  decomposes  the  mineral,  with  a  separation  of  sulphur 
and  antimonous  and  arsenous  acids. 

Tetrahedrite  is  widely  distributed,  and  is  valuable,  not  so 
much  as  a  copper  ore  as  an  ore  of  silver. 

53.  Cuprite. — Cuprite,  or  red  copper  ore^  occurs  both 
crystallized  and  massive  and  sometimes  earthy.  It  is  remark- 
able for  its  color,  which  is  deep  red,  of  various  shades.  The 
streak  is  reddish-brown.  It  crystallizes  in  isometric  octahe- 
drons and  dodecahedrons,  and  combinations  of  the  two.  It 
has  a  well-defined  cleavage,  adamantine  to  submetallic  luster, 
and  an  uneven  or  conchoidal  fracture,  and  is  very  brittle. 
Hardness,  3.5 — 4;  specific  gravity,  5.85 — 6.15.  When  crys- 
tals of  this  mineral  are  opaque,  they  have  an  iron-gray  tint 
on  the  surface,  but  their  peculiar  red  color  becomes  appar- 
ent when  they  are  reduced  to  a  fine  powder. 

Composition  :  Suboxide  of  copper  (CujO)  =  oxygen  11.2^, 
copper  88.85<. 

B.  B.  in  the  forceps,  fuses  and  colors  the  fiame  emerald- 
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green ;  moistened  with  hydrochloric  acid,  the  flame  is  momen- 
tarily colored  azure-blue.  Unaltered  in  the  closed  tube. 
On  charcoal,  first  blackens,  and  is  then  reduced  to  a  globule 
of  metallic  copper ;  in  the  beads,  reacts  for  copper ;  soluble 
in  concentrated  hydrochloric  acid. 

It  is  a  very  rich  and  pure  ore  of  copper,  but  seldom  occurs 
in  large  quantities,  and  usually  only  at  or  near  the  outcrop 
of  copper  veins. 

54.  Melaconite- — Melaconite,  or  black  copper  ore^  is 
another  oxide  of  copper,  resembling  cuprite  in  its  blowpipe 
reactions,  but  differing  from  it  in  physical  characteristics. 
It  usually  occurs  as  a  black  powder,  or  as  dull  black,  friable 
masses  and  botryoidal  concretions,  in  veins  of  other  copper 
ores.  These  masses  are  composed  usually  of  melaconite 
mixed  with  earthy  impurities. 

Melaconite  frequently  contains  sulphur  and  arsenic  and 
often  considerable  quantities  of  oxide  of  iron  and  manganese. 
This  would  indicate  that  black  oxide  of  copper,  which  is 
obtained  in  many  localities  in  sufficient  abundance  to  render 
its  extraction  an  important  consideration,  is  the  result  of 
the  decomposition  of  other  ores,  such  as  copper  pyrites. 
The  hardness  is  about  3;  specific  gravity,  6.25. 

Composition  :  Copper  oxide  (CuO)-=.  oxygen  20. Ij^;  cop- 
per 79. 9j^. 

B.  B.  in  O.  F. ,  infusible.     Other  reactions,  as  for  cuprite. 

55.  Malachite. — Malachite,  or  green  carbonate  of  cop- 
per^ occurs  both  crystallized  and  massive,  more  usually  the 
latter,  with  a  botryoidal,  stalactitic,  or  divergent  structure 
which  is  very  characteristic.  Often  it  is  fibrous  and  banded 
in  color;  frequently  granular  and  earthy.  It  has  a  perfect 
cleavage,  and  crystals  have  an  adamantine  luster,  inclining 
to  vitreous.  The  fibrous  varieties  have  a  more  or  less  silky 
luster.  The  color  is  usually  bright  green,  the  same  speci- 
men, however,  exhibiting  a  diversity  of  shades  from  bluish- 
or  grass-green  to  nearly  black.  The  streak  is  paler  green. 
The  fracture  is  uneven.  Hardness,  3.5 — 4;  specific  gravity, 
3.7—4. 
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Composition  :  May  be  represented  by  the  following  for- 
mula :  CuCO^  +  CuHfi^  (or  CuCO^  +  CuO  +  //,0)— a 
mixture  of  carbonate  and  hydrate  of  copper,  containing 
67. 4j^  metallic  copper  and  8.2}^  water. 

B.  B.  fuses  at  2,  coloring  the  flame  emerald-green;  on 
charcoal,  with  soda,  is  reduced  to  metallic  copper;  in  the 
beads,  reacts  for  copper ;  in  the  closed  tube,  blackens  and 
yields  water;  effervesces  with  acids. 

Malachite  is  easily  distinguished  by  its  softness  and  green 
color  and  streak  from  all  other  minerals  except  a  series  of 
rare  copper  minerals  that  are  also  green  and  soft  (the 
phosphates,  arsenates,  and  chlorides) ;  and  from  these  it  can 
usually  be  distinguished  by  its  radiating  structure  and  by 
its  effervescing  with  acids. 

Malachite  is  a  very  common  mineral  at  or  near  the  out- 
crop of  most  copper  veins,  and  if  hard  and  solid,  it  is  highly 
prized  as  a  beautiful  ornamental  stone  for  inlaid  work,  vases, 
etc.,  as  it  takes  a  fine  polish. 

56.  Azurite. — Azurite,  or  blue  copper  carbonate^  occurs 
both  in  mammillary  concretions  and  in  well-defined  and 
brilliant  crystals.  It  also  occurs  massive  and  likewise 
earthy.  It  has  a  nearly  perfect  cleavage  and  a  vitreous, 
almost  adamantine,  luster.  Its  color  comprises  various 
shades  of  azure-blue,  passing  into  Berlin  blue.  Streak  is 
lighter  in  color.  The  mineral  is  brittle  and  has  a  conchoidal 
or  uneven  fracture.  Hardness,  3.5—4.5;  specific  gravity, 
3.5 — 3.83. 

Composition:  May  be  represented  by  the  formula 
%CuCO^  4-  CuH^O^y  corresponding  to  carbon  dioxide  25.65^, 
copper  oxide  69. 2j^  (metallic  copper  65.4j<),  and  water  5.2j< 

B.  B.  the  same  reactions  are  observed  as  for  malachite. 
It  is  easily  distinguished  by  its  softness,  blue  color  and 
streak,  and  by  effervescing  in  acids. 

Azurite  occurs  almost  always  with  malachite  (or  the  green 
carbonate),  and  is  found  usually  at  or  near  the  outcrop  of 
copper  veins.  The  staining  power  of  both  of  these  carbon- 
ates in  rocks  is  remarkable,  a  very  small  proportion  giving 
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the  rock  a  decidedly  blue  or  green  color,  and  a  few  per  cent, 
is  sufficient  to  make  the  rock  appear  to  be  almost  solid 
malachite  or  azurite.  For  this  reason,  the  appearance  of 
copper-stained  rocks  is  apt  to  be  seriously  misleading  as  to 
their  value. 

57.  Clirysocolla. — Chrysocolla  is  never  crystallized. 
It  occurs  usually  as  an  incrustation,  or  in  thin  seams  in 
crevices,  and  as  copper  stains  on  rocks.  It  also  sometimes 
occurs  massive  and  botryoidal.  It  is  often  opal-like  or 
enamel-like  in  texture,-  and  is  sometimes  translucent.  Most 
varieties  are  sectile  and  have  a  vitreous  or  shining  luster,  or 
are  sometimes  earthy.  Color  is  mountain-green  or  bluish- 
green,  passing  into  sky-blue  and  turquoise-blue.  Streak, 
when  pure,  white.  Hardness  ranges  from  2  to  4;  specific 
gravity  from  2  to  2. 24. 

Composition:  Hydrated  silicate  of  copper;  composition 
varies  considerably  in  different  varieties,  owing  to  the  pres- 
ence of  impurities.  The  formula  for  the  pure  mineral  is 
CuSiO^  +  %Hfi^  corresponding  to  silica  34. 2)^,  copper  oxide 
45.3j<  (copper  36.25^),  and  water  20. 5j^. 

B.  B.  decrepitates,  colors  the  flame  emerald-green,  and  is 
infusible.  On  charcoal,  with  soda,  is  reduced;  in  closed 
tube,  blackens  and  yields  water;  decomposed  by  the  acids 
without  a  gelatinization  of  the  silica. 


LEAD  (Pb). 

58.  Lead  is  a  soft  metal  of  a  bluish-gray  color,  and  when 
recently  cut  exhibits  a  surface  of  strong  metallic  luster.  It 
rapidly  tarnishes  when  exposed  to  the  air.  Lead  is  both 
malleable  and  ductile,  but  its  tenacity  is  inferior  to  that  of 
nearly  all  other  ductile  metals.  It  is  flexible  and  inelastic. 
It  is  only  feebly  attacked  by  hydrochloric  acid,  even  when 
concentrated  and  boiling.  Weak  sulphuric  acid  does  not 
act  on  lead  when  air  is  excluded,  but  if  heated  in  a  concen- 
trated solution,  SO^  is  evolved,  and  lead  sulphate  is  slowly 
formed.  The  proper  solvent  for  lead  is  nitric  acid.  Hard- 
ness, 1.5;  specific  gravity,  11.45. 
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LEAD  MINBRAI^. 

59.  The  lead  minerals  are  all  very  heavy,  quite  soft, 
and,  if  pure,  all  except  the  sulphide  (galena)  have  a  non- 
metallic,  highly  adamantine  luster.  Galena  has  an  eminent 
metallic  luster.  They  easily  reduce  to  a  soft,  malleable 
button  of  metallic  lead  when  treated  on  charcoal  with  soda, 
and,  excepting  the  sulphate,  all  dissolve  readily  in  boiling 
nitric  acid,  and  from  this  solution  sulphuric  acid  precipi- 
tates the  lead  as  a  white,  insoluble  sulphate.  The  carbon- 
ate dissolves  readily,  with  effervescence,  in  nitric  acid. 

60.  Galenlte,  or  Galena. — This  mineral,  which  is 
also  called  lead  glance^  occurs  principally  in  cubes,  which 
are  frequently  of  considerable  size.  It  also  occurs  in  coarse 
and  fine  grained,  massive  forms.  The  very  fine-grained 
steel  galena^  which  is  quite  common  in  silver  regions,  cuts 
under  the  knife,  leaving  a  smooth,  shining,  metallic  surface. 
Galena  is  remarkable  for  its  perfect  cubic  cleavage  and  its 
eminent  metallic  luster.  It  is  lead-gray  in  color  and  streak, 
very  brittle  and  fragile,  and  its  fracture  is  uneven.  The 
surface  of  the  mineral  is  susceptible  to  tarnish.  Hardness, 
2.5 — 2.75;  specific  gravity,  7.25 — 7.7. 

Composition  :  Sulphide  of  lead  iJPbS)^  corresponding  to 
sulphur  13.4^,  lead  86.6^.  All  galena  is  more  or  less 
argentiferous,  but  no  external  characters  serve  to  indicate 
the  amount  of  silver  present. 

B.  B.  fuses,  gives  off  sulphurous  fumes,  coats  the  coal 
with  a  yellow  coat,  and  yields  a  metallic  button  of  lead.  In 
the  open  tube,  gives  sulphurous  fumes ;  is  soluble  in  nitric 
acid. 

Galena  is  distinguished  quite  easily  from  other  soft, 
metallic,  lead-gray  minerals  by  its  perfect  cubic  cleavage, 
which  is  rarely  absent,  and  by  its  high  gravity 

Galena  occurs  in  granite,  limestone,  and  in  sandstone 
rocks,  and  is  frequently  associated  with  ores  of  copper  and 
zinc.  The  matrix  in  which  this  ore  has  been  deposited  is,  in 
most  cases,  either  quartz,  calcite,  fluorspar,  or  "heavy- 
spar"  (barium   sulphate).      It   is   the   most   common   and 
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important  ore  of  lead,  and  frequently  is  also  a  very  valu- 
able silver  ore.  All  galenas  carry  more  or  less  silver, 
usually  at  least  1  or  2  ounces  per  ton,  and  when  the  amount 
runs  up  to  10  ounces  or  over,  it  generally  pays  to  extract 
the  silver.  These  silver-bearing,  or  argentiferous,  galenas 
are  more  abundant  in  disturbed  or  mountainous  regions, 
where  they  sometimes  carry  as  much  as  200  ounces  of  silver 
per  ton.  Every  find  of  galena  should  be  assayed  for  silver, 
as  this  is  the  only  reliable  way  of  determining  whether  it  is 
silver-bearing. 

61.  Ceru»»ite. — Cerussite,  or  white-lead  ore^  is  found 
both  crystallized  and  massive.  The  massive  forms  some- 
times, though  rarely,  show  a  fibrous  structure.  The  crys- 
tals take  the  form  of  modified  orthorhombic  prisms,  and 
often  compound,  two  or  three  crossing  each  other ;  frequently 
they  interlace  or  are  in  radial  masses.  The  mineral  occurs 
also  in  concretions  and  in  amorphous,  or  uncrystallized, 
friable  deposits.  The  crystal  and  cleavage  faces  have  an 
adamantine  luster,  inclining  to  vitreous  or  resinous;  some- 
times pearly.  The  crystals  are  usually  thin,  broad,  and 
brittle.  Cleavage  is  imperfect.  The  color  is  generally 
white  and  gray,  though  it  sometimes  happens  that  crystal- 
lized specimens  are  nearly  black,  from  the  decomposition  of 
some  associated  galena;  sometimes  tinged  yellow  or  brown 
from  iron,  or  blue  or  green  from  associated  copper  salts. 
The  streak  is  uncolored.  Hardness,  3 — 3.5;  specific  grav- 
ity, 6.47. 

Composition :  Lead  carbonate  {PbCO^,  corresponding  to 
carbon  dioxide  16. 5^^,  and  lead  oxide  83.5^,  or  metallic  lead 
about  77.5^.  Hard  carbonates  are  impure  cerussite,  corre- 
sponding to  the  clay  ironstones. 

B.  B.  fuses  easily,  and  in  R.  F.  on  charcoal,  yields  a 
metallic  button.  In  closed  tube,  decrepitates,  loses  carbon 
dioxide,  turns  yellow  at  first,  and  then  dark  red  at  a  higher 
temperature,  and  finally,  on  cooling,  becomes  yellow  again. 
Effervesces  and  dissolves  in  nitric  acid. 

Cerussite  is  readily  recognized  by  its  high  gravity,  by  its 
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effervescing  in  nitric  acid,  and  by  giving  a  lead  button  on 
charcoal. 

It  is  a  very  valuable  ore  of  lead,  quite  common  in  the 
mining  camps  of  the  West.  It  runs  into  galena  with  depth. 
Like  galena,  it  always  contains  some  silver,  and  should 
always  be  assayed  to  determine  if  the  silver  occurs  in  profit- 
able amounts — over  6  to  10  ounces  per  ton. 

62.  Anglesite. — Anglesite  occurs  sometimes  crystal- 
lized, especially  on  galena,  but  generally  is  massive,  and  is 
found  occasionally  as  a  grayish,  ash-like,  firmly  adhering 
incrustation  on  galena.  It  is  brittle,  and  varies  from  trans- 
parent, in  the  crystallized  variety,  to  opaque  in  the  massive. 
Cleavage  is  usually  absent.     The  fracture  is  conchoidal. 

The  color  of  the  pure  mineral  is  white,  but  generally  it  is 
stained  brown  or  yellow  by  iron,  or  slightly  gray  or  green 
by  undecomposed  galena,  copper,  and  other  impurities. 
The  streak  is  colorless.  The  luster  of  the  crystallized  min- 
eral is  adamantine,  sometimes  inclining  to  vitreous  or 
resinous ;  of  the  massive  mineral,  dull  to  earthy.  The  natne 
of  **rock  ore  "is  very  appropriately  applied  to  some  mas- 
sive varieties  having  a  very  stony  appearance.  Hardness, 
2.75 — 3;  specific  gravity,  6.3. 

Composition:  Lead  sulphate  {PhSO^,  corresponding  to 
sulphur  trioxide,  26. 4^  and  lead  oxide  73.6j<,  or  metallic 
lead,  about  68^. 

B.  B.  alone  decrepitates  and  fuses  at  1.5  (in  candle  flame) ; 
on  charcoal,  in  the  O.  F.,  fuses  to  a  clear  glass,  which  on 
cooling  becomes  milk-white;  in  the  R.  F.,  is  reduced  with 
effervescence  to  a  metallic  button.  With  soda  on  charcoal, 
the  lead  is  reduced,  and  the  soda  sinks  into  the  coal.  When 
the  surface  of  the  coal  is  removed  and  is  placed  on  silver 
and  moistened,  it  turns  the  metal  black — the  test  for  sulphur 
in  sulphates.     Very  slightly  soluble  in  nitric  acid. 

Anglesite  is  distinguished  from  cerussite  by  its  compact, 
dense  structure,  and  by  not  effervescing  with  acids,  and 
from  other  similar  minerals  by  its  high  gravity,  adamantine 
luster,  and  by  its  blowpipe  characteristics. 
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It  is  an  important  ore  of  lead,  and  occurs  chiefly  in  the 
upper  parts  of  lead-bearing  veins  which  run  into  galena 
with  depth.  It  always  contains  a  little  silver,  and  should 
be  assayed  for  this  metal  whenever  found. 

63.  Pyromorpliitc. — Pyromorphite  occurs  usually  in 
hexagonal  prisms  of  a  bright  green,  yellow,  or  brown  color, 
of  different  shades,  sometimes  in  crystalline  crusts,  and 
sometimes  globular  or  reniform,  with  a  radiated  structure. 
The  crystals  have  a  lateral  cleavage  in  traces,  and  are  often 
nearly  transparent.  The  luster  is  resinous.  The  streak  is 
white,  sometimes  yellowish.  The  crystals  are  brittle  and 
have  an  uneven  fracture.  Hardness,  3.6 — 4;  specific  grav- 
ity, 6,5. 

Composition  :  A  phosphate  and  chloride  of  lead  [3(3/W(9 
_|./>  (9J+  PbCl^  =  ZPb^P^O^  +  PbCQ,  corresponding  to  phos- 
phorus  pentoxide  15.755^,  lead  oxide  74^,  and  lead  chloride 
10.255^.  Some  varieties  have  arsensic  replacing  the  phos- 
phorus, and  in  some  others  lime  replaces  part  of  the  lead. 

B.  B.  in  the  forceps,  fuses  at  1.5,  and  colors  the  flame 
bluish-green,  showing  the  combined  presence  of  lead  and 
phosphorus.  This  reaction  is  especially  apparent  after 
moistening  with  sulphuric  acid.  In  the  closed  tube,  gives 
a  white  sublimate ;  alone,  on  charcoal,  fuses,  without  reduc- 
tion, to  a  globule  which  assumes  a  crystalline  form  on  cool- 
ing, while  the  coal  is  coated  at  a  distance  from  the  assay 
with  a  white  sublimate  of  lead  chloride,  and  nearer  the  assay, 
yellow  from  lead  oxide;  on  charcoal,  with  soda  in  R.  F.,  is 
reduced  to  metallic  lead.  In  a  salt  of  phosphorus  bead, 
previously  saturated  with  copper  oxide,  it  colors  the  O.  F. 
blue,  thus  showing  the  presence  of  chlorine.  Soluble  in 
nitric  acid. 

Pyromorphite  is  distinguished  by  its  hexagonal  prismatic 
crystals,  which  are  frequently  hollow  inside,  by  its  green 
color  and  resinous  luster,  by  its  high  gravity,  and  by  its 
blowpipe  characteristics. 

It  occurs  chiefly  in  veins,  associated  with  other  ores  of 
lead. 
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ZINC   (Zn). 

64.  Zinc  has  been  used  from  ancient  times  for  the  pur- 
pose of  alloying  with  copper  to  form  brass.  It  is  a  bluish- 
white  metal,  and  upon  a  surface  of  fresh  fracture  presents  a 
brilliant  crystalline  structure.  At  ordinary  temperatures 
it  is  brittle,  but  between  100°  C.  and  150°  C.  it  is  ductile 
and  malleable.  At  205°  C.  it  again  becomes  brittle  and  may 
with  ease  be  pulverized  in  a  mortar.  At  433°  C.  it  fuses, 
and  upon  cooling  exhibits  a  highly  crystalline  texture. 
Hardness,  2;  specific  gravity,  6.8 — 7.2. 

Zinc  is  soluble  in  hydrochloric  and  dilute  sulphuric  acids, 
with  an  evolution  of  hydrogen  gas.  It  is  also  soluble  in 
boiling  solutions  of  potash  or  soda,  with  a  similar  evolution 
of  hydrogen  gas. 

The  zinc  of  commerce,  known  as  ** spelter,"  is  never 
chemically  pure,  but  is  more  or  less  contaminated  with  such 
impurities  as  lead,  cadmium,  and  iron.  It  is  largely  used 
for  galvanizing  shefet  iron,  as  a  constituent  of  brass,  in 
electrical  appliances,  for  precipitating  gold  from  potassium 
cyanide  solutions  in  the  cyanide  process  of  gold  extraction, 
for  separating  gold  and  silver  from  lead  in  the  refining  of 
base  bullion  (lead  containing  gold  and  silver),  etc. 


ZINC  MINERALS. 

65.  A  specimen  of  native  zinc  is  stated  to  have  been  dis- 
covered at  Melbourne,  Victoria,  in  a  cavity  in  basalt;  but 
the  occurrence  of  this  metal  in  the  native  state  requires  con- 
firmation. It  usually  occurs  in  nature  in  combination  with 
sulphur,  oxygen,  and  carbonic,  silicic,  or  sulphuric  anhy- 
drides. 

B.  B.  the  ores  of  zinc  are  almost  completely  infusible. 
They  all,  except  franklinite,  have  a  non-metallic  luster; 
they  are  only  moderately  heavy,  are  rather  hard,  and  are 
apt  to  be  associated  with  one  another.  On  charcoal,  after 
strongly  heating  with  soda,  they  all  give  a  white  coat,  which 
glows  brightly,  is  non-volatile,  yellow  while  hot,  but  white 
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on  cooling,  and  which,  if  moistened  with  cobalt  solution, 
gives  a  characteristic  yellowish-green,  infusible  mass.  They 
all  dissolve  in  aqua  regia,  on  boiling,  while  the  carbonate 
dissolves  with  effervescence  in  warm  nitric,  hydrochloric,  or 
sulphuric  acid. 

66.  Sphalerite.  —  Sphalerite,  or  zinc-blende^  varies 
greatly  in  color,  from  white  to  yellow,  red,  brown,  and  black, 
and  the  streak  is  white  to  reddish-brown.  The  luster  in 
some  of  the  black  varieties  is  submetallic  to  adamantine,  but 
is  most  frequently  resinous.  It  often  occurs  crystallized,  in 
isometric  dodecahedrons,  octahedrons,  and  their  modifica- 
tions, but  is  more  frequently  massive,  and  has  a  perfect 
dodecahedral  cleavage.  It  is  brittle  and  usually  opaque, 
though  sometimes  transparent  when  crystallized.  The 
fracture  is  conchoidal. 

The  variations  in  color  in  this  mineral  are  due  to  the  pres- 
ence of  impurities,  the  dark  variety  containing  sulphide  of 
iron,  while  the  red  variety  has  frequently  as  much  as  5j^  of 
cadmium.     Hardness,  3.5 — 4;  specific  gravity,  3.9 — 4.2. 

Composition:  Zinc  sulphide,  (ZnS),  containing  sulphur  33j<, 
zinc  67^.  It  often  has  some  of  the  zinc  replaced  by  iron  or 
cadmium. 

B.  B.  difficultly  fusible ;  alone  on  charcoal,  some  varieties 
give  first  in  the  R.  F.,  a  reddish-brown  coat  of  cadmium 
oxide ;  afterwards  a  coat  of  zinc  oxide,  which  is  yellow  while 
hot  and  white  when  cold.  With  cobalt  solution  in  the  O.  F. , 
this  coat  becomes  green.  With  soda  on  charcoal  in  R.  F.. 
gives  a  strong  green  zinc  flame.  In  the  open  tube,  gives 
sulphurous  fumes,  and  usually  changes  color.  When  roasted 
and  treated  in  the  beads,  gives  an  iron  reaction. 

Distinguished  by  its  resinous  luster,  softness,  yellow 
streak,  cleavage,  and  infusibility. 

It  is  the  most  common  and  important  ore  of  zinc,  and 
most  of  the  zinc  of  commerce  is  derived  from  this  ore.  It 
occurs  frequently  associated  with  other  sulphide  minerals 
(like  galena,  pyrite,  chalcopyrite,  etc.)  in  fissure  veins,  and 
carries  more  or  less  silver,  and  occasionally  gold,  but  usually 
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in  insufficient  amounts  to  'pay  for  extraction,  as  the  zinc 
makes  it  difficult  and  expensive  to  work. 

67.  Smltlisoiiite. — Smithsonite  is  sometimes  found  in 
crystals,  but  more  frequently  as  incrustations,  and  in  reni- 
form  and  stalactitic  forms  and  concretionary  masses,  and 
occasionally  earthy  and  friable.  When  crystallized,  it  has 
a  perfect  cleavage. 

Its  color,  when  pure,  is  yellowish-white,  but  when  con- 
taminated with  iron,  it  is  frequently  brown  or  reddish- 
brown.  The  streak  is  white.  The  luster  is  vitreous, 
inclining  to  pearly.  It  is  brittle  and  has  an  uneven  fracture. 
The  massive  mineral  is  frequently  called  ** dry-bone**  by 
American  miners,  from  its  very  characteristic  appearance. 
Hardness,  5 ;  specific  gravity,  4 — 4. 5. 

Composition:  Zinc  carbonate  {ZnCO^,  corresponding  to 
carbon  dioxide  35.2^,  and  zinc  oxide  64. 8^  or  metallic  zinc 
62^^.  Part  of  the  zinc  is  sometimes  replaced  by  iron  or 
manganese,  and  by  traces  of  calcium,  magnesium,  or  even 
cadmium. 

B.  B.  is  infusible;  moistened  with  cobalt  solution  and 
heated  in  the  O.  F.,  gives  a  green  color  on  cooling.  With 
soda  on  charcoal,  a  coating  of  zinc  oxide  is  formed,  yellow 
while  hot,  white  when  cold,  which  behaves  as  above  when 
treated  with  cobalt  solution.  Those  varieties  containing 
cadmium,  when  treated  with  soda  on  charcoal,  give  a  deep 
yellow  or  brown  coating  before  the  zinc  coat  appears.  In 
the  beads  some  varieties  give  reactions  for  iron,  manganese, 
copper,  etc.  In  the  closed  tube,  it  loses  carbon  dioxide,  and 
if  pure,  it  is  yellow  while  hot,  white  when  cold.  It  is  soluble 
with  effervescence  in  warm  hydrochloric  acid. 

Distinguished  with  some  difficulty,  owing  to  the  absence 
of  any  marked  individuality.  It  is  usually  grayish-white  to 
green  or  brown,  and  massive;  is  soluble  with  effervescence 
in  warm  hydrochloric  acid,  and  gives  characteristic  blowpipe 
reactions. 

Smithsonite  is  one  of  the  most  important  ores  of  zinc.  It 
occurs  almost    invariably    associated    with    the    silicates. 
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together  with  which  it  is  extensively  employed  for  the  pro- 
duction of  spelter. 

68.  Calamine. — Calamine  was  for  a  long  time  con- 
founded with  the  carbonate  of  zinc,  although  they  differ 
materially  from  one  another,  in  both  chemical  and  physical 
characteristics.  It  occurs  in  botryoidal  and  fibrous  forms; 
also  granular,  massive,  and  crystallized.  It  has  perfect  pris- 
matic cleavage. 

Color  is  usually  white ;  sometimes  it  has  a  bluish  or  green- 
ish shade ;  also  yellowish  to  brown.  Streak  is  white.  It  is 
transparent  to  opaque,  is  brittle,  and  has  a  vitreous  luster 
and  uneven  fracture.  Hardness,  4.5^5;  specific  gravity, 
3.2—3.9. 

Composition:  Hydrous  silicate  of  zinc,  Zn^SiO^^^Aq,*^  cor- 
responding to  silica  255^,  zinc  oxide  67.6^,  and  water  7.5j^; 
metallic  zinc  54. 3)^. 

B.  B.  is  almost  infusible  (/^=  6).  Moistened  with  cobalt 
solution,  gives  a  deep,  ultramarine-blue  color  when  strongly 
heated,  from  the  formation  of  a  silicate  of  cobalt.  The 
characteristic  green  color  of  the  zinc-cobalt  test  is  very 
difficult  to  obtain  directly,  but  by  fusing  with  soda  on  char- 
coal, a  coat  is  obtained  which  gives  the  characteristic  green 
with  cobalt  solution.  On  charcoal,  it  gives  the  same  reac- 
tions as  those  already  described  for  smithsonite.  It  gelati- 
nizes with  acids,  and  is  soluble  in  a  strong  solution  of  caustic 
potash.  In  the  closed  tube,  decrepitates,  whitens,  and  gives 
off  water. 

Calamine  is  distinguished  by  gelatinizing  with  acids,  by 
its  infusibility,  and  its  reactions  B.  B.  for  zinc,  and  by  its 
bladed  or  radiate  structure. 

It  occurs  associated  with  the  other  ores  of  zinc. 

69.  Zlnclte.— Zincite,  or  red  zinc  ore^  occurs  rarely  in 
any  well  crystallized  form,  but  more  frequently  in  foliated 
masses  or  in  coarse  grains,  associated  with  franklinite  and 
willemite.     It  is  red  to  orange-yellow  in  color,  and  has  an 

NoTB— *^^.  is  the  abbreviation  for  aqua  (water),  and  indicates  that 
the  substance  contains  water. 
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orange-yellow  streak;  it  ranges  from  granular  to  massive  in 
structure,  and  has  a  perfect  cleavage.  It  is  brittle  and 
opaque,  with  a  subadamantine  luster.  Hardness,  4—4.5; 
specific  gravity,  5.5. 

Composition:  Zinc  oxide  {ZnO),  containing  zinc  80.26^ 
and  oxygen  19.74j^.  Frequently  contains  traces  of  iron  and 
manganese. 

B.  B.  infusible;  in  the  beads,  gives  a  reaction  for  man- 
ganese; on  charcoal  in  R.  F.,  gives  a  coat  of  zinc  oxide, 
yellow  while  hot,  white  when  cold,  which  gives  the  charac- 
teristic reaction  with  cobalt  solution.  Heated  in  closed 
tube,  blackens,  but  resumes  its  original  color  upon  cooling. 
Soluble  in  acids. 

Zincite  is  distinguished  from  allied  minerals  without 
difficulty  by  its  physical  characteristics. 

70.  Franklinit©. — Franklinite,  or  black  zinc  ore^ 
occurs  usually  in  coarse,  octahedral  and  dodecahedral 
grains,  resembling  magnetite,  almost  universally  associated 
with  zincite,  willemite,  and  calcite.  Occasionally  it  is  found 
massive.  It  has  only  an  indistinct  cleavage.  The  luster  is 
metallic,  color  iron-black,  and  streak  reddish-brown.  It 
is  brittle,  has  a  conchoidal  fracture,  and  is  slightly  magnetic. 
Hardness,  5.5 — 6.5;  specific  gravity,  5.1. 

Coynposition  :  A  variable  mixture  of  iron  oxide  (magnet- 
ite), zinc  oxide,  and  oxide  of  manganese.  The  average  of 
several  samples  gave:  iron  45.16^,  manganese  9.38j^,  zinc 
20.30^,  and  oxygen  25. 16^^.  It  is  essentially  a  magnetite, 
containing  zinc  and  manganese  oxides  partly  replacing  both 
oxides  of  iron. 

B.  B.  infusible.  With  borax  in  O.  F.,  gives  a  reddish- 
amethystine  bead,  showing  the  presence  of  manganese,  and 
in  the  R.  F.,  the  bead  becomes  bottle-green,  which  indicates 
the  presence  of  iron.  On  charcoal,  with  a  mixture  of  soda 
and  borax,  gives  a  coat  of  zinc  oxide,  which  may  be  further 
identified  by  the  cobalt  solution.  When  fused  with  sodium 
carbonate  and  sodium  nitrate  on  platinum  foil,  gives  an 
alkaline  manganate  of  a  bright  green  color.     Franklinite  is 

AT.  M.    //.— ^i 
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soluble  iri  hydrochloric  acid,  with  the  evolution  of  a  small 
amount  of  chlorine  gas. 

Franklinite  is  distinguished  from  magnetite,  which  it 
greatly  resembles,  by  its  slighter  magnetic  property,  and 
by  its  reactions  B.  B.  for  zinc. 

It  is  found  abundantly  at  Franklin,  New  Jersey,  asso- 
ciated with  the  other  zinc  minerals,  zincite  and  willemite, 
hence  its  name. 

71.  Willcmit©- — Willemite  occurs  in  minute  crystals; 
massive;  disseminated  in  grains,  and  infrequently  fibrous. 
Its  color  is  whitish  or  greenish  yellow,  to  green,  red,  or 
brown  when  impure;  streak,  uncolored.  Its  luster  is 
vitreous-resinous.  Transparent  to  opaque.  It  is  brittle 
and  has  a  subconchoidal  fracture.  Hardness,  5.5;  specific 
gravity,  3.89—4.27. 

Composition  :  Anhydrous  silicate  of  zinc  {Zn^SiO^),  con- 
taining silica  27.1^  and  zinc  oxide  72.9^. 

B.  B.  in  forceps,  glows  and  fuses  with  difficulty  to  a  white 
enamel.  With  soda  on  charcoal,  gives  the  characteristic 
coat  of  zinc  oxide.  It  is  decomposed  by  hydrochloric  acid 
with  separation  of  gelatinous-  silica.  With  cobalt  solution  it 
gives  the  same  reaction  as  calamine. 

Many  impure  varieties  give  reactions  for  manganese  and 
iron. 

Found  almost  universally  associated  with  zincite  and 
franklinite.  At  Franklin,  New  Jersey,  it  occurs  in  such 
quantities  as  to  constitute  an  important  ore  of  zinc. 


SILVER  (Ag). 

72.  Silver  is  a  white  metal,  capable  of  receiving  a  bril- 
liant polish.  It  stands  next  to  gold  in  point  of  ductility 
and  malleability.  It  is  harder  than  gold  and  softer  than 
copper.     Hardness,  2.5 — 3;  specific  gravity,  10.5 — 11.1. 

Unless  in  a  fine  state  of  division,  silver  is  not  acted  upon 
by  hydrochloric  acid,  and  even  then  it  must  be  hearted  to 
boiling  before  decomposition  of  the  acid  is  effected.     It  is 
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not  acted  upon  by  dilute  sulphuric  acid,  but  when  heated  in 
concentrated  sulphuric  acid,  the  acid  is  decomposed  with 
the  formation  of  silver  sulphate  and  the  evolution  of  sul- 
phurous oxide.  Nitric  acid  attacks  silver  at  even  ordinary 
temperatures,  with  the  formation  of  silver  nitrate,  and  the 
evolution  of  nitric  oxide.  Oxide  of  silver  may  be  reduced 
by  heat  alone.  

SILVER    MINERAI^S. 

The  silver  minerals  are  all  soft,  all  are  heavy,  most  of 
them  have  a  metallic  luster,  and  several  are  sectile.  They 
are  all  easily  fusible,  and  can  be  reduced  to  a  button  of 
metallic  silver,  on  fusing  with  soda  on  charcoal,  or.  when 
cupelled  with  metallic  lead.  With  the  exception  of  the 
chloride  group,  they  all  dissolve  in  boiling  nitric  acid,  and 
hydrochloric  acid  or  common  salt  added  to  a  silver  solution 
throws  down  a  white,  curdy  precipitate  of  chloride  of  silver, 
which  is  soluble  in  an  excess  of  ammonia. 

While  there  is  a  large  number  of  silver  minerals,  many  of 
them  are  very  rare,  and  only  those  of  common  occurrence 
are  here  described.  The  ores  of  lead,  copper,  zinc,  anti- 
mony, and  arsenic  often  contain  silver  in  paying  quantities, 
especially  in  disturbed  regions,  but  in  a  form  that  is  invisi- 
ble to  the  eye,  so  that  it  must  be  cupelled  or  assayed  to 
determine  the  presence  or  quantity  of  silver. 

Dry  ores^  or  milling  ores^  are  those  consisting  essentially 
of  quartz  and  rich  silver  minerals,  suitable  for  amalgama- 
tion ;  those  containing  sulphides  of  lead  or  copper  in 
quantity  are  smelting  ores. 

Free  milling  ores  are  dry  ores  suitable  for  direct  amalga- 
mation without  any  previous  treatment  save  crushing. 

Refractory  ores  are  those  containing  antimony,  arsenic, 
sulphur,  and  zinc-blende,  making  it  necessary  to  roast  the 
ore  before  amalgamation.  These  elements  render  ore 
refractory  for  smelting  also,  zinc-blende  being  especially 
undesirable,  and  reductions  are  made  on  the  price  of  ores 
when  the  amount  of  this  ingredient  exceeds  a  certain  pro- 
portion, usually  12j<. 
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73»  Native  Silver. — Silver  is  found  in  a  metallic  state 
accompanying  almost  all  of  its  ores,  particularly  the  sulphide 
and  chloride.  It  occurs  in  distinct  crystals,  in  amorphous 
masses,  in  long  filamentary  strings  (hair  or  wire  silver)^ 
and  in  compressed  plates. 

It  has  a  shining,  silver-white  color  and  streak,  but  is 
frequently  tarnished  to  a  grayish-black  color.  It  has  a 
metallic  luster  when  freshly  fractured,  has  no  cleavage,  and  is 
extremely  ductile  and  malleable.  It  consists  of  nearly  pure 
silver,  containing  usually  small  amounts  of  copper  and  gold. 

Native  silver  is  readily  distinguished  by  its  high  gravity, 
pure  white  color,  and  malleability.  It  is  easily  dissolved  by 
nitric. acid. 

74.  Argentite. — Argentite,  or  silver  glance^  usually 
occurs  massive  ;  also  in  reticulated  and  filiform  shapes  and 
in  modified  isometric  dodecahedrons.  Its  color  and  streak 
are  blackish-lead-gray.  The  streak  is  shining.  It  has  a 
metallic  luster,  conchoidal  fracture,  and  is  malleable. 
Hardness,  2 — 2.5  ;  specific  gravity,  7.3. 

Composition  :  Silver  sulphide  {Ag^S)  =  sulphur  12.9^,  sil- 
ver 87.1^. 

B.  B.  on  charcoal,  fuses  in  the  O.  F.  with  intumescence 
(swelling),  emitting  sulphurous  fumes,  and  yielding  a  glob- 
ule of  metallic  silver.  In  the  open  tube,  gives  off  sulphurous 
oxide.     It  is  fusible  even  in  the  flame  of  a  candle. 

Argentite  is  distinguished  from  other  ores  of  silver  by  its 
malleability. 

75.  Stephanite. — Stephanite,  or  brittle  silver^  is  of  an 
iron-gray  color,  inclining  to  black,  with  streak  of  the  same 
color  and  metallic  luster.  It  has  a  conchoidal  fracture.  It 
usually  occurs  massive,  has  no  cleavage,  and  is  very  brittle. 
Hardness,  2 — 2.5  ;  specific  gravity,  6.3. 

Composition  :  Sulphide  of  silver  and  antimony  {Ag^SbS^^ 
or  hAg^S-^-Sb^S^',  sulphur  16.2^  antimony  15.3j<,  silver 
68.5^. 

B.  B.  on  charcoal,  fuses  with  spurting  of  small  particles, 
coats  the  coal  with  antimonous  oxide,  which,  after  long 
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blowing,  IS  colored  red  from  oxidized  silver,  and  a  globule 
of  metallic  silver  is  obtained.  In  the  closed  tube,  decrepi- 
tates, fuses,  and  afterwards  gives  a  faint  sublimate  of  anti- 
monous  sulphide.  In  the  open  tube,  gives  fumes  of  antimo- 
nous  oxide  and  sulphurous  oxide.  It  is  soluble  in  heated 
dilute  nitric  acid,  with  a  separation  of  sulphur  and  antimo- 
nous  oxide. 

Stephanite  is  distinguished  from  other  silver-antimony 
minerals  by  its  color  and  streak,  and  from  argentite  by 
brittleness  and  antimony  reaction. 

76.  Pyrargyrite. — Pyrargyrite,  or  ruby  silver^  usually 
occurs  massive,  though  occasionally  crystallized.  The 
cleavage  is  imperfect.  The  mineral  is  dark-red  to  almost 
black  in  color  ;  has  a  cochineal-red  streak,  slightly  darker 
than  that  of  proustite.  Its  luster  is  from  vitreous  to  ada- 
mantine. It  is  very  brittle.  Hardness,  2 — 2.5;  specific 
gravity,  5.8. 

Composition:  AgJSbS^(pr  3^^,5+5^,5,) = sulphur  17.7 Jif, 
antimony  22.5^,  silver  59.8^. 

B.  B.  on  charcoal,  fuses  with  spurting  to  a  globule,  gives  off 
antimonous  fumes,  and  coats  the  coal  white;  with  soda  on 
charcoal,  in  the  O.  F.,  or  by  prolonged  heating  without 
fluxes  in  the  R.  F.,  gives  a  globule  of  silver.  In  the  closed 
tube,  gives  a  reddish  sublimate  of  antimonous  sulphide;  in 
the  open  tube,  gives  sulphurous  fumes  and  a  white  sublimate 
of  antimonous  oxide.  In  some  varieties  arsenic  is  present, 
in  which  case  it  can  be  recognized  by  its  garlic  odor  when 
the  pulverized  mineral  is  treated  in  the  R.  F.  with  soda  on 
charcoal. 

It  is  decomposed  by  nitric  acid  with  a  separation  of 
sulphur  and  antimonous  oxide. 

Pyrargyrite  is  distinguished  by  its  dark-red  color,  its 
streak,  and  its  high  gravity. 

77.  Proustit©. — Proustite,  or  light  ruby  silver^  is  of 
practically  the  same  composition  as  pyrargyrite,  but  with 
arsenic  replacing  much  or  all  of  the  antimony.  It  is  similar, 
also,  in  occurrence  and  physical  properties.     It  occurs  both 
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crystallized  and  massive.  It  has  a  cochineal-red  color  and 
a  cochineal-red  streak,  inclining  to  aurora-red.  Luster  is 
splendent  adamantine.  It  is  transparent  and  very  brittle. 
Hardness,  2.25;  specific  gravity,  5.5. 

Composition:  Ag^AsS^^  (or  3-^^,54- -^^,5",)= sulphur  19. 4j^, 
arsenic  15.  Ij^,  silver  65.55^. 

B.  B.  on  charcoal,  fuses  and  emits  odors  of  sulphur  and 
arsenic;  or  with  soda  on  charcoal,  in  the  O.  F.,  or  by  pro- 
longed heating  without  fluxes  in  the  R.  F.,  gives  a  globule 
of  silver. 

In  the  closed  tube,  fuses  easily,  and  gives  a  faint  sublimate 
of  arsenous  sulphide  ;  in  the  open  tube,  sulphurous  fumes 
and  a  white  crystalline  sublimate  of  arsenous  oxide.  Some 
varieties  of  proustite  contain  antimony. 

Proustite  is  distinguished  from  pyrargyrite  by  its  lighter 
color  and  streak  and  by  the  reaction  B.  B.  for  arsenic. 

78.  Cerargyrite. — Cerargyrite,  or  horn  silver^  is  so 
called  from  its  horn-like  color  and  luster.  It  usually  occurs 
massive  and  looking  like  horn  or  wax;  often  in  grains  and 
thin  seams  ;  rarely  crystallized,  and  cleavage  is  absent.  It 
has  a  grayish  color  and  streak,  but  becomes  tarnished  to  a 
brown  or  violet-brown  color  on  exposure.  It  has  a  non- 
metallic,  wax-like  luster.  It  is  very  sectile,  and  can  be  cut 
into  shavings  with  a  knife.  A  plate  of  iron  rubbed  with  it 
becomes  silvered.     Hardness,  1 — 1.5;  specific  gravity,  5.5. 

Composition:  Silver  chloride  (-^^C/)  =  chlorine  24.7jif 
and  silver  75.3^. 

B.  B.  on  charcoal,  gives  a  globule  of  silver.  Added  to  a  salt 
of  phosphorus  bead  previously  saturated  with  copper  oxide, 
and  heated  in  the  O.  F.,  imparts  an  azure-blue  color  to  the 
flame,  indicating  chlorine.  In  the  closed  tube,  fuses  without 
decomposition.  A  fragment  placed  on  a  strip  of  zinc  and 
moistened  with  a  drop  of  water  swells  up,  turns  black,  and 
is  finally  reduced  to  a  globule  of  metallic  silver.  Insoluble 
in  nitric  acid,  but  soluble  in  ammonia. 

It  occurs  at  or  near  the  surface  of  most  silver-bearing  veins, 
and  is  distinguished  by  its  sectility  and  waxy  appearance. 
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GOLD  (Au). 

79.  Gold  has  a  characteristic  orange-yellow  color,  and 
is  the  most  malleable  of  all  metals.  Hardness,  2. 5 — 3 ;  specific 
gravity,  19.3. 

When  precipitated  from  its  solutions,  gold  has  a  dark- 
brown  color,  but  assumes  its  ordinary  color  and  metallic 
aspect  upon  being  polished  or  heated. 

Gold  is  not  attacked  by  sulphuric,  nitric,  or  hydrochloric 
acids  separately.  Aqua  regia  completely  dissolves  it,  form- 
ing auric  chloride.  Free  chlorine  gas  attacks  gold,  and  this 
reaction  is  the  basis  of  the  chlorination  process.  Dilute 
solutions  of  the  alkaline  cyanides  also  dissolve  it.  Pure  gold 
may  be  indefinitely  exposed  to  the  action  of  air  and  moisture 
without  becoming  tarnished.  It  is  highly  esteemed,  on  this 
account,  for  jewelry  and  coins. 


GOI^D   MINERALS. 

80.  Gold  occurs  metallic  in  nature,^  alloyed  with  more 
or  less  silver,  and  frequently  with  minute  quantities  of  copper 
and  iron.  It  is  also  found  in  combination  with  the  rare 
metals  palladium,  rhodium,  and  platinum,  and  likewise  with 
mercury,  forming  a  native  amalgam.  With  tellurium  it 
forms  several  compounds  of  some  commercial  interest. 

81  •  Native  Gold. — Golcf,  in  the  native  state,  presents 
a  characteristic  yellow  color,  somewhat  paler  than  that  of 
the  refined  metal,  from  the  presence  of  some  silver.  Its 
natural  surfaces  are  sometimes  dull  or  tarnished,  and  must 
be  rubbed  with  some  hard  substance  before  they  assume  the 
ordinary  appearance  of  gold.  When  broken  by  repeated 
bending,  it  presents  a  matted,  silky  structure,  more  or  less 
fine  in  accordance  with  the  purity  of  the  specimen. 

It  occurs  in  veins,  as  grains,  scales,  wires,  leaf -like,  and 
seldom  as  more  or  less  perfect  isometric  octahedral  and 
dodecahedral  crystals,  and  very  commonly  as  rounded  grains 
and  nuggets  in  gravel  beds  and  placer  deposits.     It  is  very 
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malleable,  and  can  be  hammered  out  into  thin  leaves.  Cleav- 
age is  absent. 

Gold  can  always  be  distinguished  from  all  minerals  of 
similar  appearance  by  its  great  weight,  softness,  eminent 
malleability,  characteristic  yellow  color,  and  the  fact  that 
it  is  not  attacked  by  any  single  acid. 

It  is  soluble  in  aqua  regia  (three  parts  of  hydrochloric 
acid  to  one  part  of  nitric  acid),  and  fuses  quite  easily  in  the 
blowpipe  flame. 

Native  gold  is  found  most  commonly  as  rounded  grains 
and  nuggets  in  stream  beds  or  placer  deposits,  at  the  bottom 
of  the  gravel  bed.  It  occurs  also  in  association  with  quartz 
and  pyrite  in  veins  in  slate,  schists,  and  the  granitic  rocks, 
especially  in  highly  disturbed  regions. 

It  is  also  found,  though  invisible  to  the  eye,  in  many 
copper  ores,  iron  ores,  and  arsenic  ores.  It  contains  from  a 
trace  to  40j^  of  silver,  and  sometimes  small  amounts  of  other 
metals. 

82.  Sylvanite. — Sylvanite,  or  graphic  tellurium^  is, 
perhaps,  the  most  abundant  combination  of  gold  and  tel- 
lurium. It  occurs  most  frequently  interspersed  in  quartz 
vein-stuff  in  groups  of  silvery-white  crystals,  resembling 
Hebrew  characters.  This  resemblance  to  written  characters 
gives  it  the  name  of  graphic  tellurium.  Its  color  and  streak 
are  from  silver-white  to  pure  steel-gray,  and  sometimes 
nearly  brass-yellow.  It  has  a  metallic  luster,  rather  a  dis- 
tinct cleavage,  and  an  uneven  fracture.  Hardness,  1.6 — 2; 
specific  gravity,  8.2. 

Composition  is  {AgAu)Te^,  a  tellurideof  silver  and  gold; 
tellurium  65. 7j^,  silver  16.7^,  and  gold  28.6^.  Antimony 
sometimes  replaces  part  of  the  tellurium,  and  lead  replaces 
part  of  other  metals. 

B.  B.  on  charcoal,  fuses  to  a  dark-gray  globule,  covering 
the  coal  with  a  white  coating,  which,  treated  in  the  R.  F., 
disappears,  giving  a  bluish  color  to  the  flame,  indicating 
tellurium ;  after  prolonged  heating,  a  yellow  metallic  button 
is  obtained. 
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In  the  open  tube,  gives. a  white  sublimate,  shading  into 
gray  near  the  assay;  when  further  heated,  this  sublimate 
fuses  to  clear,  transparent  drops.  Most  varieties  also 
give  a  faint  coating  on  charcoal  of  the  oxides  of  lead 
and  antimony.  Boiled  in  concentrated  sulphuric  acid, 
the  tellurium  gives  a  purple  color,  which  disappears  on 
cooling. 

Sylvanite  is  distinguished  by  its  characteristic  graphic 
structure,  its  high  gravity,  and  its  blowpipe  characteristics. 

83»  Nagyagite,  or  foliated  tellurium^  has  a  dark,  lead- 
gray  color  and  streak  and  a  foliated  structure;  generally 
massive.  It  is  sometimes  called  black  tellurium.  Its  luster 
is  metallic  and  splendent ;  it  is  sectile,  and  flexible  when  in 
thin  laminae.     Hardness,  1 — 1.5;  specific  gravity,  7.1. 

Composition  is  indefinite,  approximately  Pb^^Au^Sb^Te^S^^ 
=  lead  67j<,  gold  7.7j^,  antimony  7.1^  tellurium  17.6j<,  and 
sulphur  10. 7j^;  this  corresponds  closely  with  the  average 
analysis  of  the  mineral,  though  all  of  the  constituents  vary 
considerably  in  different  specimens,  and  several  other  ele- 
ments are  sometimes  found  in  varying  proportions. 

B.  B.  on  charcoal,  forms  two  coatings:  one  white  and 
volatile,  consisting  of  a  mixture  of  antimonate,  tellurate,  and 
sulphate  of  lead,  and  the  other  of  yellow  oxide  of  lead,  less 
volatile  and  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  the  O.  F.,  a  malleable  globule  of  gold 
remains,  which,  cupelled  with  a  little  granulated  lead, 
assumes  a  pure  gold  color. 

In  the  open  tube  it  gives,  near  the  assay,  a  grayish  subli- 
mate of  antimonate,  tellurate,  and  a  little  sulphate  of  lead ; 
farther  up  the  tube  the  sublimate  consists  of  antimonous 
oxide,  which  volatilizes  when  treated  with  the  flame,  and 
tellurous  oxide,  which  fuses  at  a  high  temperature  to  clear, 
colorless  drops.  In  concentrated  sulphuric  acid  it  gives 
the  same  reaction  as  sylvanite  and  other  tellurides.  It  is 
decomposed  by  aqua  regia. 

It  is  distinguished  by  its  foliated  structure  and  blowpipe 
characteristics. 
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COAL. 

84.  The  mineral  coal  is  essentially  carbon,  associated 
with  more  or  less  of  various  hydrocarbons  (chemical  com- 
pounds of  hydrogen  and  carbon,  in  various  proportions). 
It  is  the  result  of  the  decomposition  of  vegetable  matter  in 
the  presence  of  water  and  out  of  contact  with  the  air,  as, 
for  instance,  the  submerged  accumulations  in  swamps.  The 
immense  coal-beds  of  the  world  were  formed  at  periods 
when  such  vegetation  was  much  more  luxuriant  than  at 
present.  The  beds  of  peat  resulting  from  such  decomposi- 
tion alone  were  in  time  covered  by  other  formations,  and 
were  gradually  consolidated  and  metamorphosed,  by  the 
weight  of  the  accumulating  strata  and  the  heat  of  the  earth, 
or  occasionally  by  the  heat  due  to  local  faulting  or  volcanic 
action,  into  coal^  the  variety  depending  upon  the  stage  to 
which  the  metamorphosis  has  progressed.  Peat  grades  into 
brown  coal  or  lignite;  lignite  grades  through  semi-bituminous 
coal  into  one  of  the  varieties  of  bituminous  coal,  and  bitu- 
minous coal  grades  through  semi-anthracite  into  anthracite^ 
which  is  the  highest  form  of  coal.  Graphite  represents  a 
still  higher  stage  in  the  metamorphosis  of  vegetable  carbon 
into  mineral  matter,  and  the  diamond  is  the  ultimate 
product — pure  crystallized  carbon. 

All  varieties  of  coal  have  a  more  or  less  compact,  massive 
structure,  not  crystalline,  and  without  true  cleavage,  though 
sometimes  breaking  with  a  degree  of  regularity,  but  from  a 
jointed  rather  than  a  cleavage  structure.  It  is  sometimes 
laminated,  and  is  often  faintly  and  delicately  banded,  suc- 
cessive layers  differing  slightly  in  luster. 

The  color  varies  in  different  coals  from  black  to  grayish- 
black,  brownish-black,  and  sometimes  dark-brown;  occasion- 
ally it  is  iridescent.  Its  luster  varies  also  from  dull  to  bril- 
liant; sometimes  either  earthy,  resinous,  or  submetallic. 
Fracture  is  uneven.  It  is  brittle ;  rarely  somewhat  sectile. 
Without  taste  except  from  the  impurities  present.  Infusi- 
ble to  subfusible,  but  often  becoming  a  soft,  pliant,  or 
paste-like  mass  when  heated.     On  distillation,  most  kinds 
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yield  more  or  less  of  tarry  or  oily  substances,  which  are 
mixtures  of  various  hydrocarbons. 

85.  The  different  varieties  of  coal  are  classified  princi- 
pally according  to  the  proportion  of  volatile  matter  they 
contain  and  the  character  of  this  volatile  matter.  The 
volatile  matter  is  made  up  of  more  or  less  water,  some  sul- 
phur, and  the  balance,  the  various  hydrocarbon  oils  and 
gases.  The  different  varieties  of  coal  also  differ  from  one 
another,  and  more  or  less  among  themselves,  in  structure, 
luster,  and  other  physical  characteristics.  The  hardness 
varies  in  the  different  varieties  from  0.5  to  2.5,  and  the 
specific  gravity  from  1  to  1.8.  The  principal  varieties  of 
coal  are  anthracite^  bituminous  coaly  cannel  coal^  and  brown 
coal  or  lignite. 

86.  Anthracite. — Anthracite  has  a  bright  luster,  often 
submetallic.  Color,  iron-black,  frequently  iridescent.  Frac- 
ture, conchoidal.  Volatile  matter  after  drying  (volatile 
hydrocarbons)  from  3^  to  6j^  (with  a  trace  of  sulphur). 
Burns  with  a  feeble  blue  flame.  Contains  from  80^  to  95}^ 
of  carbon  and  4^  to  12j^  of  earthy  impurities  (ash). 
Anthracite  graduates  into  bituminous  coal,  becoming  less 
h^rd  and  containing  more  volatile  matter;  an  intermediate 
variety  is  called  yriV-^2^r«/«^  anthracite,  or  semi-anthracite. 

87.  Bituminous  Coal.-— The  term  bituminous  coal 
includes  several  varieties  of  coal  differing  widely  in  constitu- 
tion and  in  their  action  when  heated.  They  have  the 
common  characteristic  of  burning  with  a  smoky,  yellow 
flame,  and  giving  off  hydrocarbon  oils  and  tar  on  distilla- 
tion. The  proportion  of  these  volatile  hydrocarbons  in  the 
ordinary  varieties  varies  from  20^  to  45^,  and  some  varieties 
contain  over  60^.  The  proportion  of  ash  varies  from  1.5j^ 
to  7.5^ — considerably  less  than  that  of  anthracite.  The 
explanation  of  this  lies  in  the  fact  that  anthracite  was  orig- 
inally bituminous  coal,  and  as  its  volume  was  reduced  by 
the  expulsion  of  volatile  matter,  the  proportion  of  ash  to 
combustible  matter  naturally  became  greater.     The  sulphur 
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in  bituminous  coals  ranges  from  a  fraction  of  Ij^,  in  the  best 
coals,  to  2^  and  2.5^  in  poorer  varieties. 

88.  Bituminous  coals  may  be  divided  into  caking  (or 
coking)  and  non-caking  coals. 

Caking:  coals  soften  when  heated,  and  become  pasty, 
or  semi-viscid,  and  the  pieces  gum  together.  If  the  heating 
is  conducted  in  retorts  or  in  heaps,  with  a  limited  supply  of 
air,  so  that  the  volatile  matter  is  distilled  off  without  burning 
the  carbon,  the  latter  will  remain,  after  the  distillation  is  com- 
plete, as  the  familiar  iron-gray  mass  known  as  coke,  Non- 
caklns  coal  is  apparently  in  no  wise  different  from  caking 
coal,  but  will  burn  freely  without  any  indication  of  softening 
or  fusing  together.  Thus  far  there  has  been  no  plausible 
explanation  advanced  why  one  coal  should  cake  and  another 
apparently  exactly  like  it  should  not,  but  the  fact  remains. 
The  only  way  to  recognize  a  caking  coal  is  to  cake  it. 

89.  Cannel  Coal. — Cannel  coal  is  frequently  con- 
sidered  a  variety  of  bituminous  coal  and  is  often  coking, 
but  it  differs  considerably  from  the  ordinary  bituminous 
coals  in  texture  and  to  some  extent  in  composition,  as  shown 
by  its  products  on  distillation,  and  is  therefore  given  a 
separate  place  in  this  classification.  It  is  compact,  with 
little  or  no  luster,  and  has  a  slaty  appearance,  but  without 
any  suggestion  of  a  banded  structure.  It  breaks  with  a 
conchoidal  fracture  and  smooth  surfaces.  Its  color  is  dull 
black  or  grayish-black.  On  distillation  it  affords,  after  dry- 
ing, from  40^  to  60^  of  volatile  matter,  which  includes  a 
large  proportion  of  burning  and  lubricating  oils,  much 
larger  than  the  above  kinds  of  bituminous  coal. 

Albertite»  or  asphaltic  coal^  is  a  mineral  intermediate 
between  cannel  coal  and  asphalt.  It  resembles  coal  in  hard- 
ness, but  is  like  asphalt  in  color  and  luster,  is  slightly 
soluble  in  ether,  and  about  one-third  of  it  is  soluble  in  tur- 
pentine, and  it  softens  slightly  in  boiling  water. 

90.  Brow^n  Coal,  or  JLlenite. — Brown  coal,  or  lignite, 
is  sometimes  pitch-black,  but  oftener  rather  dull  and  brown- 
ish-black.    The  structure  is  usually  like  that  of  bituminous 


§  35  MINERALOGY.  63 

coal,  but  it  is  occasionally  somewhat  lamellar.  The  term 
lignite  should  properly  be  restricted  to  those  varieties  of 
brown  coal  which  retain  the  structure  of  the  original  wood. 
These  coals  usually  contain  16^  or  20^  of  moisture. 

Brown  coals  are  non-coking,  but  afford  a  large  proportion 
of  volatile  matter.  Jet  is  a  black  variety  of  brown  coal, 
compact  in  texture,  and  takes  a  good  polish. 

The  varieties  of  coal  known  as  semi-bituminous  and  semi- 
anthracite  coals  merge  into  one  or  the  other  of  the  above, 
and  can  not  be  said  to  be  distinct  varieties. 


METALLIC  ORES  OF  SECONDARY 

IMPORTANCE. 

91.  The  ores  of  the  six  most  important  commercial 
metals,  iron,  copper,  lead,  zinc,  gold,  and  silver,  and  the  differ- 
ent varieties  of  coal,  have  been  described  at  some  length. 
In  Table  I  we  have  presented  the  metallic  ores  of  secondary 
importance  ;  viz.,  the  ores  of  manganese,  tin,  mercury, 
nickel,  cobalt,  and  antimony. 


MINERALS  OP  SECONDARY  IMPORTANCE. 

92*  MansAiiese. — All  the  manganese  minerals  are 
colored  ;  most  of  them  give  colored  streaks  ;  they  are  only 
moderately  heavy,  and  most  of  them  are  not  hard.  They 
all  give  amethyst-colored  beads  with  borax  in  the  oxidizing 
flame,  and  a  very  characteristic  bluish-green  mass  when 
fused  with  nitrate  and  carbonate  of  soda  on  platinum  foil. 
They  all  dissolve  in  boiling  HCl  (hydrochloric  acid),  and 
the  oxides  give  off  free  chlorine,  while  the  carbonate  effer- 
vesces freely  with  warm  HCl. 

93.  Tin. — ^There  are  only  two  tin  minerals — the  oxide, 
casslterlte,  and  the  sulphide,  tin  pyrites  or  stannite. 

The  latter  is  so  rare  as  to  be  of  no  commercial  importance. 
The  oxide  is  insoluble  in  acids,  is  infusible,  but  gives  a  white 
coat  on  coal  when  strongly  heated  with  soda  in  the  R.  P. 
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Usually  mass- 
ive. 

Color,  perfect 
cleavage,  hard- 
ness, and  blow- 
pipe reactions. 

High  gravity, 
hardness,  infusi- 
bility,  and  blow- 
pipe character- 
istics. 

Structure  gran- 
ular; often  reni- 
f  orm  or  botry  oidal 
shapes,  concentric 
in  structure ;  also 
crystalline. 

Usually  mass- 
ive. 

Color,  streak, 
high  gravity, 
blowpipe  reac- 
tions. 

B.  B.  changes  color; 
decrepitates    strongly ; 
infusible ;      manganese 
reaction  in  beads;  dis- 
solves   with     efferves- 
cence in  warm  HCL 

B.  B.   unaltered;  on 
charcoal  with  soda,  re- 
duced to  metallic  tin, 
and  gives  a  white  coat- 
ing which  reacts  char- 
acteristically  with  co- 
balt solution.   In  beads, 
gives  reactions  for 
manganese  and  iron. 
Only  slightly  acted 
upon  by  acids. 

B.    B.    on    charcoal, 
wholly  volatile  if  pure. 
In    closed    tube,  black 
sublimate.      In   open 
tube,  sulphurous  fumes 
and    metallic    globules 
of  mercury. 

lO 

CO 

• 

oa 

00 
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to 

1 

Color:  Pink 
to  brown. 

Streak:  White. 

Luster:  Vitre- 
ous. 

Color:  Nearly 
white  to 
black. 

Streak:  White. 

Luster:  Ada- 
mantine. 

Color:  Bright 
to  dark  red. 

Streak:  Scar- 
let. 

Luster:  Ada- 
mantine. 

Rhodochro- 

site 
(carbonate) 

Cassiterite 
(oxide) 

Cinnabar 
(sulphide) 

Manganese 

Tin 
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11 

Never  crystal- 
Hied;  occurs  in 
crusts.  Resembles 
chrysocolla.  Falls 
to  pieces  in  water; 
may  be  polished 
under  the  naiL 

Color  and  blow- 
pipe reactions. 

s 

1 
1 

s 

B.  B.  gives  arsenical 
fumes  and  fuses  to  a 
globule,  which  treated 
with  borax  affords  re- 
actions for    nickel. 

the    closeif   and    open 
tubes,  characteristic  re- 
actions for  arsenic,  the 
assay  becoming  yellow- 
ish-green.    Soluble  in 
aqua  regia. 

B.  B.   infusible.     In 
closed  tube,  blackens 
and  gives  oS  water.    In 
the    beads,   reacts   for 
nickel.    Decomposed 
by  /fa  without  gelati- 

1 

fl! 

Doubtful: 
A  hydrated 
silicate  of 
nickel  and 
magnesium, 
of  indefinite 
composition. 

0 

<^ 

S 

! 

^ 
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Color:  Copper- 
red. 

Streak:  Brown. 
ish-red. 

Luster:  Metal- 
lic. 

Color:  Apple- 
green. 

Streak:  Green- 
ish-white. 

Luster:  Resin- 
ous to  earthy. 
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Perfect  cleavage 
and  often  needle- 
likeor  bladed 

crystals  of  a  steel- 
gray  color. 

Extreme  fusibil- 
ity and  blowpipe 
reactions. 
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This  coat  is  yellow  while  hot,  but  white  on  cooling,  is  not 
volatile,  and  gives  a  bluish-green  color  when  heated  with 
cobalt  solution,  which  is  a  very  characteristic  test  (but  must 
not  be  confused  with  the  yellowish-green  color  that  zinc 
gives  when  similarly  treated). 

94.  Mercury. — The  only  mercury  mineral  of  any 
importance  is  cinnabar. 

95*  Nickel  and  Cobalt. — All  the  nickel  minerals  are 
colored  and  give  colored  streaks,  and  most  of  them  are  quite 
hard  and  very  heavy.  They  are  all  soluble  in  aqua  regia, 
giving  green-colored  solutions,  and  on  treatment  with  soda  on 
charcoal  in  the  reducing  flame,  can  be  reduced  to  a  magnetic 
mass.  They  give,  after  roasting,  a  brownish-red  bead  with 
borax,  and  a  yellow  bead  with  salt  of  phosphorus  in  the 
oxidizing  flame,  the  latter  being  especially  characteristic. 
The  corresponding  cobalt  minerals  are  usually  associated 
with  the  nickel  minerals,  and  when  present  impart  the 
characteristic  cobalt-blue  color  to  the  beads. 

96*  Antimony. — The  antimony  minerals  are  soft,  are 
not  very  heavy,  and  some  have  a  metallic  luster  and  colored 
streak,  while  others  have  an  earthy  luster  and  colorless 
streak.  Most  of  them  are  very  rare,  the  only  one  of  com- 
mercial importance  being  the  sulphide.  They  all  give  a 
volatile  pure  white  coat  on  charcoal  that  turns  to  a  dirty 
yellowish-green  when  moistened  with  cobalt  solution  and 
heated.  When  treated  on  charcoal  with  soda,  they  reduce 
easily  to  metallic  antimony,  but  this  volatilizes  at  once, 
forming  a  white  coat ;  the  volatilized  antimony  has  no  odor, 
which  distinguishes  it  from  arsenic,  which  also  gives  a  pure 
white  coat  ;  but  arsenic  is  more  volatile  and  condenses 
farther  out  beyond  the  assay  than  antimony,  and  has  a 
peculiar  odor  like  garlic. 

97*  Aluminum. — All  the  aluminum  minerals  are  light, 
they  all  give  colorless  streaks,  and  most  frequently  they  are 
white,  but  are  liable  to  be  of  any  color  from  the  presence  of 
impurities.  They  differ  so  from  one  another  as  to  require 
special  tests  for  their  determination. 
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Extreme  softness; 
greasy  feel ;  foliated 
structure ;   inelastic, 
though  flexible; 
yielding  water  only 
on  intense  ignition. 

Softness;  does  not 
effervesce;  does  not 
become  jell  y-like 
with  acids. 

Crystal    form  (see 
Art.  34);  perfect 
rhombohedral  cleav- 
age ;   so  soft  as  to  be 
scratched  with  a 
knife  ;  effervescence 
in  cold  dilute    acid; 
infusibility. 

Most  varieties  yield 
water  in  closed  tube  at 
hi^h  heat.      Difficultly 
fusible  on  thin  edges  to  a 
white  enamel.  Gives  pale 
red  color  when  moistened 
with  cobalt  solution  and 
heated.  Not  decomposed 
by  acids. 

Gives  off  water  and 
becomes  opaque  in  closed 
tube.     Soluble  in  hydro- 
chloric acid  and  in  400  to 
600  parts  of  water.  When 
water  isdriven  off  gypsum 
becomes  plaster  of  Paris. 

Infusible   when  pure. 
Moistened  with  J/Ci, 
colors  the  flame  red 
(lime).      Fragments  dis- 
solve with  brisk  efferves- 
cence in  cold  acid& 

"^^  d 

B 

ai-3 

CaCO. 

(Calcium  car* 

bonate) 

t 

0i 
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w 

Color:  White, 
various  shades 
of  green ;  some- 
times reddish. 

Streak:  White  or 
lighter  than 
color. 

Luster:  Pearly. 

Color  :  Usually 
white  ;  gray, 
reddish,  yellow, 
blue,  black. 

Streak:  White. 

Luster:  Pearly  to 
earthy. 

Color:  White, 
colorless,  gray, 
red,  green,  blue, 
violet,  yellow, 
brown,  and 
black. 

Streak:  White  or 
grayish. 

Luster:  Vitreous 
to  earthy. 
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Luster,  color,  reac- 
tions B.  B. 

MINERALOGY. 

Fuses  at  4  to  colorless 
or  white  glass,  coloring 
the  flame  intensely  yel- 
low.   Not  acted  upon  by 
acids. 

Unaltered;  with  borax 
dissolves  to  clear  glass; 
with  soda  dissolves  with 
effervescence  ;   with  salt 

s  unaltered. 

icids. 

1^-   S 

II 

1          ' 
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- 

Color:  White, 
bluish,  gray, 
reddish,  green. 

Streak:  t/ncol- 

Luster:     Pearly, 
vitreous. 

Color  :  Colorless, 
yellow,  brown, 
red,  green,  blue, 
black. 

Streak:  White,  or 
paler  than  color. 

Luster:  Vitreous, 
resinous  to  dull. 

1 

1 
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PRECIOUS   STONES. 

98.  There  are  several  minerals  which,  from  their  trans- 
parent brilliancy,  their  beauty  of  color,  and  their  hardness, 
coupled  with  the  comparative  rarity  of  their  occurrence,  are 
highly  esteemed  as  gems.  These  are  the  diamond,  sapphire 
(corundum),  ruby  (spinel),  topaz,  emerald  (beryl),  zircon, 
garnet,  turquoise,  and  opal,  and  several  others  holding  a 
doubtful  place  in  the  list  of  precious  stones. 

The.  diamond  is  the  most  highly  valued.  This  mineral, 
which  is  pure  crystallized  carbon,  is  the  hardest  of  all  known 
substances.  The  peculiar  value  of  the  diamond  lies  in  its 
singular  brilliancy  of  luster  and  in  its  remarkable  hardness. 
It  is  usually  colorless,  but  has  not  infrequently  a  slight 
tinge  of  color,  of  which  yellow  is  the  most  common  and 
the  least  esteemed.  A  diamond  of  the  first  water  is  per- 
fectly transparent  and  colorless,  and  free  from  spots  or 
flaws.  The  clear  green  and  rose  tints  are  also  highly 
prized.  The  great  diamond-producing  regions  of  the 
world  are  South  Africa,  Brazil,  and  the  southern  part  of 
Hindustan. 

Corundum  ranks  next  to  the  diamond  in  hardness.  It 
is  pure  crystallized  alumina  {A/^0^)y  and,  when  occurring  in 
transparent  crystals  of  pure  colors,  it  yields  gems  ranking 
next  to  the  diamond  in  value.  They  receive  different 
names,  according  to  their  color  ;  the  blue  variety  is  called 
sapphire  ;  the  red,  oriental  ruby ;  the  green,  oriental  emerald; 
the  violet,  oriental  amethyst ;  and  the  yellow,  oriental  topaz. 
The  finest  stones  are  obtained  mostly  from  the  East  Indies. 
Gems  of  this  species  are  also  occasionally  found  in  North 
Carolina,  Colorado,  New  Mexico,  and  Arizona. 

Spinel  is  a  mineral  composed  of  alumina  and  magnesia, 
with  usually  a  little  iron.  It  ranks  in  hardness  next  to 
corundum,  and  when  used  as  a  gem  is  of  a  fine  red  color, 
though  green  and  violet  and  other  tints  also  occur.  This 
gem,  which  is  called  by  jewelers  spinel  ruby^  is  obtained 
chiefly  from  Siam  and  Ceylon.  It  is  also  found  in  the 
United  States  in  Sussex  County,  New  Jersey,  and  Orange 
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County,  New  York,  sometimes  in  crystals  of  large  size, 
but  rarely  fit  for  jewelry. 

Topaz  is  a  silicate  of  aluminum  containing  a  consider- 
able amount  of  fluorine.  It  has  a  hardness  equal  to  that  of 
spinel,  and  its  color  is  most  commonly  yellow,  though  some- 
times green,  blue,  and  white.  Those  used  in  jewelry  are 
mostly  brought  from  Siberia,  Kamchatka,  and  Brazil;  topaz 
is  also  found  in  Arizona  and  New  Mexico,  and  on  Pike's  Peak. 

Beryl  is  a  silicate  of  aluminum  and  beryllium,  which 
occurs  in  hexagonal  prisms,  sometimes  of  great  size. 
When  transparent  and  of  fine  colors  it  affords  the  valuable 
green  gem,  emerald^  the  sea-green  or  bluish-green  aqua- 
vmrinCy  and  the  yellow  or  light  green  beryl.  Its  hardness 
is  somewhat  less  than  that  of  spinel  and  topaz.  Crystals  fit 
for  jewelry  are  sometimes  found  in  the  New  England  States, 
and  in  Alexander  County,  North  Carolina,  but  the  emerald 
and  aquamarine  are  obtained  chiefly  from  the  United  States 
of  Colombia,  Brazil,  Hindustan,  and  Siberia. 

Zircon  is  a  silicate  of  zirconium.  The  transparent  red 
crystals  constitute  the  gem  called  hyacinth,  and  the  colorless 
or  smoky  crystals,  the  jargon.  The  hardness  of  zircon  is 
about  the  same  as  that  of  beryl  and  exceeds  that  of  quartz. 
The  valuable  gems  come  mostly  from  Ceylon,  Siberia,  and 
Greenland,  the  United  States  having  as  yet  afforded  but 
few. 

Garnet  is  a  silicate  of  very  variable  composition,  and  is  of 
about  the  same  hardness  as  quartz.  Although  of  quite  com- 
mon occurrence  in  mica  schist  and  hornblende  schist,  and 
some  other  crystalline  rocks,  clear,  red  crystals,  of  proper  size, 
are  held  in  some  estimation  as  gems.  Stones  of  the  finest 
quality  are  found  in  Colorado,  New  Mexico,  and  Arizona. 

Turquoise  is  a  hydrous  phosphate  of  alumina.  It  is 
opaque,  of  a  delicate  blue  or  bluish-green  color,  due  to 
copper,  which  exists  as  an  impurity.  Its  hardness  is  inferior 
to  that  of  quartz.  Despite  its  inferior  hardness  and  opacity, 
it  is  estimated  as  a  gem  because  of  its  pleasing  color  and 
the  beautiful  combinations  it  makes  when  cut  with  a 
smooth,  rounded  surface  and  set  with  diamonds  or  pearls. 
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Crystallizes  in  iso- 
metric   octahedrons, 
moreorlessmodified. 
Imperfect  octahedral 
cleavage.      Dis- 
tinguished from_  ori- 

and  its  octahedral 
form;  from  garnet  by 
its  hardness  and  in- 
fusibility. 

Hardness;  scratches 
quartz.    Infusibility ; 
cracks  at  high  heat; 
B.  B.  yields  fluorine. 
Occursinorthorhom- 
bic  prisms  with  per- 
fect  basal  cleavage; 
crystals   are   usually 
differently    modified 
on  the  top  and  bot- 
tom. 

B.  B.  alone,  infusible; 
turns  brown,  and   even 
black  and  opaque  as  the 

i  then 
and  at 

last  resumes  its  red  color. 
Gives  reaction  in  the 
beads  for  iron  and  chro- 
mium, which  it  sometimes 
contains  as  an  impurity. 
Decomposed  by  fusion 
with   potassium   bisul- 
phate,  and  soluble  with 
difficulty     in     sulphuric 
acid. 

B.  B.  infusible.     Some 
varieties  take  a  wine-yel- 
low or  pink  tinge  when 
heated.    Part  of  the  oxy- 
gen is  replaced  by  fluor- 
fne;   when  fused  in  the 

tion'for  fluorine.    With 
cobalt  solution,  when 
heated,  gives  reaction  for 
alumina.  Reacts  for  silica 
in  salt  of  phosphorus 
bead.    Insoluble  in  acids. 

U7ith      ™rt    nf     fh^ 

1-W,  and  occasion- 
ally part  oi  .4I,0t 
replaced  by  Fe^Ot. 
Other  impurities 
are    frequently 
present) 

I 

8.6 

00 

«. 

Color:  Clear  red, 
also  green,  blue, 
yellow,  brown, 
and  black. 

Streak:  Colorless. 

Luater:  Vitreous 
to  splendent. 
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Fusibility  and  de- 
composition  In  HCl. 
w  i  t  h  separation  of 
silica.  Most  frequent- 
form    when  crystal- 
lized. 

N. 
Its  1 

color.  An  amorphous 
variety  of  quartz, 
having  a   somewhat 
inferior  hardness  and 

gravity. 

B.  B.  fuses  at  8  to  a 
magneUc  globule.    After 
ignition,   partly    decom- 
posed   by 
acid,  with 

gelatinous  silica.     Keac- 
tions   for  the    elements 
vary  in  different  varieties. 
In  thte  variety  reactions 
are   obtained    for  iron, 

B.  B.  infusible,  but  be- 
comesopaque.     Some 
yellow  varieties  contain- 
ing iron  turn  red.      In 
closed  tube,  yields  water. 

If 

3 

\ 

I 

•A 

Color:    Red. 
brown,    yellow, 
white,  green, 

black. 
Streak:  White. 
Luster:  Vitreous 

to  resinous. 

Color:  White, 
yellow,  red, 
brown,  green, 
gray ;  generally 
pale ;  frequently 
an  iridescent 
play  of  colors. 

Streak:  White. 

Luster:  Vitreous 
to  resinous. 

1 

1 
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.The  most  valuable  specimens  come  from  Khorassan,  a  prov- 
(ince  of  Persia,  and  from  New  Mexico.  It  is  also  found  in 
Nevada  and  Arizona. 

Opal  is  a  peculiar,  massive,  uncrystalline  variety  of 
quartz,  containing  variable  amounts  of  water.  It  is  some- 
what softer  than  crystalline  quartz  and  has  a  lower  specific 
gravity.  The  variety  used  as  a  gem  presents  a  vivid  irides- 
cent play  of  colors.  The  opal  fit  for  jewelry  has  not  been 
found  in  the  United  States,  but  is  obtained  from  Hungary, 
Honduras,  and  Mexico. 

Table  III  gives  the  more  important  physical  and  chemical 
characteristics  of  each  of  these  gems. 
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GANGUE  MINERALS. 

;l 

99.  The  following  are  a  few  of  the  minerals  which  occur 
Imost  commonly  in  the  gangue  or  vein  material  of~ metal-, 
jiferous  veins,  and  are  associated  with  most  ores:  / 

100.  Quartz. — Quartz  is  a  pure  oxide  of  silica.  Its 
formula  and  chemical  composition  are  given  in  Table  II. 
Quartz  in  veins  may  occur  either  crystalline  or  massive,  iri' 
which  case  it  is  usually  banded  and  has  a  structure  similar 
to  that  of  agate.  It  may  be  transparent,  or  it  may  be 
colored  by  iron  or  other  coloring  matter,  so  as  to  render  it 
pink,  gray,  or  almost  any  color  to  black. 

101.  Calcite. — ^Calcite,  or  calcspar^  is  composed  of 
calcium  carbonate,  and  its  composition  and  characteristics 
are  also  given  in  Table  II.  It  is  mainly  detected  by  the  ease 
with  which  it  effervesces  with  acids.  Calcite  as  it  occurs  in 
vein  material  is  usually  crystalline,  though  it  may  be  present 
(practically  as  a  crystalline  limestone. 

\  102.  Dolomite. — Dolomite  is  a  carbonate  of  lime 
land  magnesia,  being  merely  a  limestone  with  part  of  the 
jiime  replaced  by  magnesia.  The  only  difference  that  this 
substance^malces"  In  the  appearance  of  the  crystals  is  that 
they  are  less  transparent  and  that  the  crystals  and  cleav>- 
age  faces  become  slightly  curved,  whereas  calcite  cleave$ 
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along  the  plane  faces  parallel  to  its  crystal  faces.  Dolomite 
is  slightly  harder  than  calcite,  and  is  distinguished  from  the 
former  by  the  fact  that  it  effervesces  in  hot  acids  only, 
while  calcite  will  effervesce  with  cold  acids.  Dolomite 
frequently  occurs  massive  in  vein  formations. 

103.  Barite,  or  Heavy-Spar. — This  is  composed 
of  barium  sulphate  and  is  described  in  Table  II.  Barite  is 
of  value  as  a  pigment-forming  mineral,  and,  when  it  can  be 
obtained  pure,  may  find  a  ready  market.  Barite  usually 
occurs  crystalline  in  gangue  material,  but  is  sometimes 
found  massive,  and  in  certain  deposits  or  veins  from  which 
it  is  obtained  as  a  pigment  material  it  occurs  massive. 

104.  Fluorlte,  or  Fluorspar. — This  is  calcium  fluo- 
ride, and  usually  occurs  crystalline  in  metalliferous  veins, 
but  may  be  massive;  it  varies  in  color  from  colorless  to  dark 
brown  or  black,  according  to  the  impurities  it  contains,  and 
is  often  colored  a  beautiful  blue  or  purple.  Fluorite  is  of 
commercial  importance,  being  employed  for  the  manufac- 
ture of  hydrofluoric  acid,  which  is  used  for  the  etching  of 
glass  and  for  similar  purposes ;  it  is  also  used  as  a  flux  in 
smelting  works. 


ASSAYING. 


METHODS  OF  ANALYSES. 

1.  The  quantity  of  any  given  element  or  elements  in  a 
substance  is  determined  by  quantitative  analysis. 

2.  Assaying,  generally  speaking,  is  the  quantitative 
analysis  of  ores  and  metallurgical  products. 

3.  There  are  two  general  ways  of  making  analyses — the 
wet  way  and  the  dry  way.  When  the  term  **  assay  "  is  used 
without  any  qualification,  it  is  commonly  understood  to  mean 
the  dry,  or  fire,  assay.  Wet  assays  are  generally  spoken  of 
as  analyses,  to  distinguish  them  from  dry,  or  fire,  assays, 
although  the  term  is,  strictly  speaking,  equally  applicable 
to  both. 

4.  Wet  Assay. — In  the  wet  assay  or  analysis,  the  sub- 
stance under  examination  is  first  taken  into  solution  by 
liquid  chemicals,  usually  acids.  The  amount  of  any  given 
element  in  the  solution  is  then  determined  in  one  of  the  two 
following  ways: 

1.  Reagents  are  added  which  precipitate  the  element  in 
the  form  of  an  insoluble  compound  of  known  composition. 
This  precipitate  is  then  separated  from  the  solution  by  filter- 
ing, and  is  washed,  dried,  and  weighed.  The  composition 
and  weight  of  the  precipitate  being  known,  the  weight  of 
the  element  in  question  may  then  be  readily  figured.  This 
method  is  known  as  sravimetric  analysis  (analysis  by 
weighing). 

2.  Reagents  are  added  which  combine  with  the  elements 
in  question,  forming  new  compounds,  either  soluble  or 
insoluble.  The  strength  of  the  reagent  solution  is  known; 
that  is,  we  know  the  weight  of   the   element  in  question 
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which  will  combine  with  the  amount  of  the  reagent  in 
each  unit  of  volume  (the  unit  chosen  being  usually  the 
cubic  centimeter)  of  the  reagent  solution.  (The  strength  of 
the  solution  is  determined  by  preliminary  tests  on  solutions 
containing  known  weights  of  the  element  in  question.)  The 
reagent  is  added  gradually,  and  certain  physical  or  chemical 
changes  in  the  solution  under  examination  become  apparent 
as  soon  as  there  is  the  slightest  excess  of  the  reagent  pres- 
ent over  the  amount  necessary  to  combine  with  the  desired 
element  in  the  solution.  For  example,  in  the  permanganate 
method  of  iron  analysis,  described  in  Arts.  175  to  ISO,  a 
single  drop  of  the  permanganate  solution,  after  all  the  iron 
is  oxidized,  will  impart  a  characteristic  pink  color  to  the 
solution  under  examination;  or  in  analyses  in  which  the 
reagent  used  is  not  of  itself  a  powerful  colorant,  some  chem- 
ical may  be  used  as  an  indicator^  with  which  the  least  excess 
of  the  reagent  solution  will  give  a  strong  and  characteristic 
color.  '  The  point  at  which  the  coloration  or  change  first 
appears  is  called  the  **end  point."  The  reagent  solution  is 
known  as  a  **  standard  solution*';  and  the  weight  of  the 
element  in  question,  with  which  each  cubic  centimeter 
(c.  c.)  of  the  standard  solution  will  combine,  is  called  the 
'*  standard  **  of  the  solution.  By  multiplying  the  number  of 
cubic  centimeters  of  the  standard  solution  used  up  to  the 
end  point  by  the  standard  of  the  solution,  we  obtain  the 
amount  of  the  element  in  question  contained  in  the  solution. 
This  method  is  known  as  volumetric  analysis,  or  titra- 
tion. 

5.  Fire  Assay. — The  dry,  or  fire,  assay  is  adapted  to 
the  determination  of  only  a  few  of  the  more  stable  metallic 
elements,  which  will,  under  certain  conditions,  separate 
from  all  materials  accompanying  them  in  their  ores,  when 
the  ore  is  brought  into  a  liquid  state  by  fusion  at  a  high 
heat,  with  proper  fluxes. 

6.  With  the  exception  of  gold  and  silver,  all  the  metals 
can  be  more  accurately  determined  in  the  wet  way  than  by 
the  fire  assay.     This  practically  restricts  the  use  of  the  fire 
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assay  to  the  determination  of  gold  and  silver  and  a  very 
few  other  metals,  which  can  be  more  quickly  and  conve- 
niently determined  in  this  way,  with  results  sufficiently  accu- 
rate for  practical  purposes,  and  which  are,  therefore,  custom- 
arily bought  and  sold  on  the  results  of  the  fire  assay.  For 
instance,  in  America,  lead  in  ores  is  almost  universally 
determined  by  the  fire  assay,  as  the  wet  assay  for  lead, 
although  more  accurate  than  the  fire  assay,  is  quite  difficult 
and  complicated,  and  requires  considerable  time,  while  the 
fire  assay  is  very  simple ;  and  by  the  observation  of  ordinary 
precautions,  the  error  in  the  fire  assay  may  be  restricted  to 
a  few  per  cent,  of  the  total  lead  contents;  in  the  case  of  a 
metal  as  cheap  as  lead,  this  error  may  be  disregarded. 
Moreover,  the  conditions  of  the  fire  assay  are  practically 
identical  with  those  of  actual  smelting,  and  the  results  and 
losses  in  the  fire  assay  correspond  very  closely  with  those 
in  the  smelting  by  which  the  lead  is  extracted  from  its  ores 
on  a  large  scale.  For  exact  chemical  analyses,  however,  the 
wet  assay  would  have  to  be  employed. 

Copper  and  tin  in  ores  were  formerly  determined  by  the 
fire  assay;  but  the  results  were  very  inaccurate,  and  the 
practice  is  now  practically  abandoned,  as  the  wet  analyses 
have  been  greatly  simplified — particularly  in  the  case  of 
copp^ri — and  are  vastly  more  accurate. 

The  determination  of  copper  by  electrolysis  is  also  used 
%Q  considerable  extent  in  some  of  the  larger  smelters,  on 
account  of  its  simplicity,  accuracy,  freedom  from  intricate 
calculation,  and  the  ease  with  which  it  can  be  acquired.  The 
electrolytic  method  consists  of  dissolving  the  copper  out  of 
its  ores  by  means  of  acids,  and  then,  by  passing  an  electric 
gurrent  through  the  solution,  depositing  the  copper,  in  the 
metallic  state,  upon  a  platinum  cathode,  from  which  it  is 
washed,  and,  after  drying,  weighed. 

7.  This  Paper  deals  with  the  assays  for  the  precious 
metals,  gold  and  silver,  and  the  more  important  of  the  base 
metals  and  gangue  materials,  commonly  associated  with 
them,  which  have  to  be.  assayed  at  mines  or  smelters. 
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8.  The  value  of  an  ore  depends  almost  as  much  upon  its 
general  composition  as  upon  its  metallic  contents,  as  the 
expense  of  treating  an  ore  is  directly  dependent  upon  its 
composition.  Thus,  some  ores  flux  or  smelt  much  more 
readily  than  others,  according  to  the  proportions  of  certain 
minerals  in  their  gangues.  For  example,  either  iron  oxide 
or  quartz  (silica)  alone  is  infusible,  but  mixed  together  in 
equal  parts  (by  weight),  they  readily  fuse  to  a  silicate  of 
iron.  I^ime  acts  with  silica  in  much  the  same  manner,  and 
with  iron  oxide  and  silica  forms  a  double  silicate  of  lime  and 
iron,  which  is  readily  fusible ;  this  is  the  slag  of  lead  and  cop- 
per smelters.  The  charge  of  smelters  for  treating  ores  is 
based  on  the  proportions  of  these  minerals  they  contain.  A 
fixed  charge  is  made  for  neutral  ores,  or  ores  in  which  the 
percentage  of  silica  {SiO^  is  equal  to  the  percentage  of  iron 
oxide  (FeO)  or  of  iron  oxide  and  lime  (CaO),  A  premium 
is  allowed  by  the  smelter  for  each  unit  or  per  cent,  of  iron 
oxide  or  lime  in  excess  over  the  silica,  and  a  bonus  is  charged 
for  each  unit  of  silica  in  excess  over  the  iron  oxide  and  lime. 

9.  Gold-silver  smelters  also  make  an  extra  charge  for 
every  unit  of  zinc  in  ores  above  a  certain  amount — usually 
12  per  cent. ;  sometimes  less — as  zinc  renders  the  ore  refrac- 
tory. On  the  other  hand,  smelters  always  pay  for  the  lead 
and  copper  in  ores  if  they  are  present  in  any  considerable 
amounts,  as  they  are  saved  by  smelting ;  and  not  only  do 
they  have  an  intrinsic  value  of  their  own,  but  one  or  the 
other  is  indispensable  to  the  operation  of  smelting.  It  is 
the  lead  or  copper  in  furnace  charges  that  makes  it  possible 
to  extract  from  their  ores  the  almost  infinitesimal  amounts 
of  gold  and  silver — ^amounts  often  of  only  a  fraction  of  an 
ounce  to  the  ton.  The  lead  or  copper  in  the  charge  is 
reduced  to  a  metal,  and  sinking  gradually  through  the 
melting  mass,  collects  the  gold  and  silver  and  carries  them 
down  with  it  into  the  well  of  the  furnace  in  the  form  of 
bullion.  This  bullion  corresponds  to  the  lead  button 
obtained  in  assaying.  In  fact,  fire  assaying  is  nothing  more 
or  less  than  smelting  on  a  very  small  scale.     The  precious 
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metals  may  be  separated  from  the  base  metals  of  the  bullion 
in  various  ways — cupelling,  dissolving  in  acid,  etc. — which 
will  not  be  discussed  here. 

From  the  foregoing  explanation,  the  student  will  readily 
understand  the  importance  of  knowing  something  more 
about  an  ore  than  merely  how  much  gold  and  silver  it 
carries.  

FIRE  ASSAYING. 

lO.  The  work  and  apparatus  of  fire  assaying  will  be 
described  as  nearly  as  possible  in  the  order  of  the  actual 
operations. 

The  outfit  of  an  assay  office  will  naturally  vary  somewhat, 
depending  not  only  upon  the  amount  and  character  of  the 
work  to  be  done,  but  also  upon  the  individual  preferences 
of  the  assayer.  We  give  here  only  the  most  essential  appa- 
ratus of  the  fire-assay  office.  There  are  many  articles  listed 
by  dealers  in  assay  supplies  which,  though  convenient  in 
special  cases,  are  of  little  or  no  use  in  the  ordinary  run  of 
fire  assaying.  There  are  also  many  little  labor-saving 
devices,  however,  which  the  assayer  will  find  very  conve- 
nient as  the  work  grows  heavier.  Such  articles  and  their 
uses  we  will  at  least  mention. 


PREPARING  THE  SAMPLE. 

11.  Samples  for  assaying  must  be  very  finely  pulver- 
ized, in  order  to  obtain  uniform  results.  It  is  customary  to 
pass  the  entire  final  assay  sample  through  an  80  or  100  mesh 
screen  (80  or  100  openings  to  the  linear  inch,  or  6,400  to 
10,000  openings  to  the  square  inch,  respectively).  In  the 
assay  of  some  very  refractory  ores,  a  120-mesh  screen  is 
used,  as  the  finer  the  ore,  the  more  rapid  and  complete 
the  fusion.  

APPARATUS. 

12.  Crustiers. — Lump  samples  are  first  broken  up 
quite  fine  by  means  of  a  small  laboratory  jaw  crusher,  which 
may  be  driven  either  by  hand  or  by  a  small  electric  motor. 
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In  the  absence  of  a  jaw  crusher,  a  heavy  iron  mortar  and 
pestle  may  be  used  for  crushing.  If  neither  is  obtainable, 
the  lumps  may  be  broken  up  with  a  hammer,  but  this 
method  is  very  slow  and  unsatisfactory. 

13.     Bucking:  Board. — The  final  pulverization  of  the 

sample  is  usually  done  on  a  "bucking  board"  or  rubbing 
plate.  This  is  a  smooth  cast-iron  plate,  usually  18'  X  34' 
in  area  and  1  inch  thick,  with  raised  sides,  as  shown  in 
Pig.  1.  The  ore  is  ground  on  this  plate  by  means  of  the 
cast-iron  "muller"  or  rubber  a,  which  has  a  curved  face 
and  is  fitted  with  a  handle,  as  shown  in  the  illustration. 

The  crushed  ore  is 
placed  in  the  middle  of 
the  plate,  and  the  muller 
is  passed  back  and  forth 
over  it..  The  operator 
bears  down  on  the  mul- 
ler with  one  hand,  while 
with  the  other  he  grasps 
the  handle  and  guides 
the  muller,  giving  it  a 
^"*-  '-  slow  rocking  motion,  as 

he  draws  it  back  and  forth,  by  lowering  his  hand  on  the 
forward  stroke  and  raising  it  on  the  back  stroke,  so  that  the 
entire  face  of  the  muller  comes  into  use  during  each  stroke. 
Samples  are  sometimes  pulverized  in  an  iron  mortar,  but 
the  bucking  board  is  much  quicker  and  more  convenient. 

For  reducing  samples  which  are  already  comparatively 
fine,  some  assayers  prefer  circular  bucking  boards  or  rub- 
bing plates.  These  are  usually  about  3^  feet  in  diameter, . 
and  are  placed  upon  a  table  so  situated  that  the  operator. 
can  walk  around  the  table  as  he  dravs  the  muller  back  and. 
forth.  They  have  the  advantage  that  the  rubbing  takes 
place  in  different  directions  across  the  plate,  so  that  there  is 
no  tendency  to  wear  crevices  or  scores  in  the  face  of  the 
plate. 
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14.  Sampler, — A  tin  sampler,  or  **  riffle,"  is  conve- 
nient for  cutting  down  or  reducing  the  size  of  samples.  It 
is  merely  a  number  of  troughs,  side  by  side,  with  open 
spaces  between.  The  width  and  number  of  the  open  spaces 
and  troughs  can  be  made  such  that  the  riffle  will  take  out 
any  desired  portion  of  a  crushed  sample  spread  evenly  over 
it.  The  riffles  are  commonly  made  to  cut  the  sample  into 
two  equal  parts,  half  remaining  in  the  troughs  and  half  fall- 
ing through. 

Samplers,  while  convenient,  are  not  absolutely  necessary, 
as  samples  may  be  cut  down  by  **  quartering,**  as  described 
in  Art.  16 — a  very  simple  and  convenient  method. 

15.  Spatulas. — The  steel  spatula  is  a  form  of  knife 
used  in  the  laboratory  for  mixing  or  sampling  pulverized 
ore  or  for  handling  other  materials  about  the  laboratory. 
Fig.  2  shows  a  com- 
mon form  of  spatula. 
The  blade  should 
have  some  spring  and  ^'°-  \ 

at  the  same  time  should  be  stiff  enough  so  that  it  will  not 
be  broken  if  used  for  digging  material  out  of  a  bottle  or  for 
similar  purposes.  The  laboratory  should  usually  be  provided 
with  several  sizes  of  spatulas,  from  those  having  a  8  or  4  inch 
blade  for  use  at  the  balances,  etc.,  to  those  having  10  or 
12  inch  blades  for  use  in  mixing  several  pounds  of  material 
and  for  sampling  large  pulps,  etc. 

Horn  spatulas  are  frequently  employed  for  removing 
precipitates  from  beakers  and  for  similar  purposes  where 
steel  spatulas  would  be  attacked  by  the  acids  in  the  solution. 

16.  Quartering. — This  method  of  reducing  samples 
takes  its  name  from  the  peculiar  manner  in  which  it  is  per- 
formed. Suppose  an  assay  sample  is  to  be  taken  from  a 
100-pound  sample  of  ore,  made  up  of  coarse  and  fine  lumps, 
and  representing,  perhaps,  a  carload  of  ore.  The  sampling 
floor  is  first  swept  thoroughly,  to  prevent  any  rich  dust 
from  former  samplings  becoming  mixed  with  the  sample  in 
hand.     Then  the  entire  sample  is  run  through  a  crusher, 
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which  reduces  the  lumps  to  a  maximum  diameter  of,  say, 
1  inch.  If  the  ore  is  high  grade  or  contains  rich  lumps  in 
a  comparatively  barren  gangue,  the  first  crushing  should 
be  considerably  finer,  in  order  to  make  the  even  distribution 
of  the  values  more  certain.  Two  or  three  1-inch  lumps 
more  of  rich  ore  in  one-half  of  a  sample  than  in  the  other, 
when  the  main  mass  of  the  sample  is  barren  gangue  material, 
would  cause  quite  a  serious  error;  but  if  the  ore  is  crushed 
to  ^  inch  as  the  maximum  diameter,  a  lump  more  or  less  of 
rich  ore  on  either  side  would  cause  an  error  only  one-eighth 
as  great  as  that  from  a  1-inch  lump,  as  the  volume  is  pro- 
portionate to  the  cube  of  the  diameter,  and  the  chances  of 
the  ore  being  evenly  mixed  will  also  be  much  greater. 

The  crushed  ore  is  now  thoroughly  mixed  on  the  floor 
and  heaped   up  into  a  conical   pile,   each  shovelful  being 
thrown  upon  the  apex  of  the  cone,  so  as  to  run  down  all 
around.     Now  walk  round  and 
round    the     heap,    continually 
raking  down  a   little  ore  from 
the  pile  with  the  shovel,  until 
the  ore  is  in  a  flat,  circular  pile, 
about  4  inches  thick.     With  a 
stick    mark   the   pile   oft    into 
quadrants,  as  shown  in  Fig.  3, 
by    two    diametrical    lines    at 
right   angles     to    each    other. 
Shovel  two  alternate  quarters 
^^'  '■  carefully  away.     Thus,  consid- 

ering the  quadrants  as  numbered  consecutively  from  i  to  4, 
Nos.  1  and  3  would  be  discarded,  and  Nos.  S  and  4  saved, 
or  vice  versa.  This  leaves  but  half  the  sample  to  be  operated 
on;  and  this,  if  the  work  has  been  carefully  done,  should  be 
of  the  same  value  as  the  discarded  portion.  This  is  "quar- 
tering." The  two  quarters  which  were  saved  are  again 
crushed — this  time  to  a  maximum  diameter  of  perhaps 
^  inch — and  the  entire  operation  is  repeated.  This  will 
leave  a  sample  only  one-fourth  as  large  as  the  original 
sample,  but  of   the  same  average  value.     This  is  further 
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crushed  to  i  inch  and  again  quartered;  and  so  on  until  only 
about  3  pounds  remain,  the  largest  pieces  of  which  are  not 
more  than  ^  inch  in  diameter.  This  sample  is  further 
reduced  by  quartering,  or  by  using  the  tin  sampler,  to  about 
J-  pound;  and  this  is  pulverized  and  screened. 

17.  For  mixing  small  samples,  say  10  pounds  and  less, 
heaping  up  and  shoveling  will  be  found  rather  a  tedious  and 
clumsy  process.  After  the  sample  is  down  to  that  size, 
and  for  small  assay  samples,  the  following  method  is  gener- 
ally adopted: 

The  crushed  sample  is  placed  on  a  sheet  of  oilcloth  or  ' 
rubber  cloth,  which  is  placed  on  the  floor  or  table ;  the  alter- 
nate corners  of  the  cloth  are 
then  drawn  over,  one  at  a 
time,  towards  the  corners  diag- 
onally opposite,  rolling  and 
mixing  the  sample  within. 
When  thoroughly  mixed,  the 
sample  is  heaped  up  into  a 
conical  pile  by  drawing  the 
corners  of  the  cloth  upwards. 
The  pile  is  then  flattened  as  fol- 
lows:  A  thin  sheet  of  iron, 
held  as  shown  in  Fig.  4,  is 
pressed  down  slightly  into  the 
apex  of  the  cone;  then,  using 
the  axis  of  the  cone  as  the 
axis  of  revolution  of  the  plate,  Fm.  *■ 

twist  it  gently  around.  As  the  plate  revolves,  it  flattens 
and  spreads  out  the  ore,  the  process  being  continued  until 
the  pile  is  reduced  to  the  desired  thickness.  The  pile  is 
then  marked  out  into  quadrants  with  a  spatula,  and  quar- 
tered as  previously  described.  Quartering  has  been  found 
by  experiment  to  give  accurate  average  samples,  if  the  work 
is  carefully  done. 

18.  Screens  and  Screening. — For  screening  the 
pulverized  ore,  a  covered  tin  or  wooden  box  sieve  is  used. 
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The  former  is  preferable,  as  it  is  much  stronger  and  more 
durable.  The  screen  cloth  is  made  of  brass  wire.  Very 
fine  sieve  cloth  is  made  of  hair,  but  it  does  not  wear  very 
well.  Screens  should  be  80  or  100  mesh  (see  Art.  11). 
The  sieve  is  circular,  about  8  inches  in  diameter,  and 
fits  into  a  pan  which  catches  the  screened  material  and 
prevents  loss  from  dust  blowing  away.  Any  ore  which  fails 
to  pass  the  screen  is  returned  to  the  bucking  board  and 
further  pulverized  until  it  will  all  go  through.  The  sifted 
ore  is  called  the  **pulp." 

19.  If  any  metallic  scales  are  left  on  the  screen  after 
the  ore  has  passed  through,  they  should  be  tested  with  a 
magnet ;  if  they  are  attracted,  they  are  iron  from  the  crush- 
ing apparatus,  and  may  be  thrown  away;  but  if  not,  they 
are  saved  and  assayed,  and  their  value  per  ton  of  ore  is  cal- 
culated and  added  to  that  of  the  pulp,  as  described  in 
Arts.  122  to  127. 

If  the  scales  are  principally  silver,  and  quite  fine  and 
small  in  quantity,  instead  of  going  to  the  trouble  of  a  sepa- 
rate assay  and  the  consequent  calculations,  they  may  be 
ground  down  until  they  will  pass  through  the  sieve,  and 
mixed  with  the  pulp.  To  do  this,  place  the  scales  on  the 
bucking  board,  and  cover  them  with  a  little  of  the  pulp 
which  has  already  passed  through  the  sieve;  then  grind 
heavily  for  a  few  minutes.  Most  of  the  scales  will  now  pass 
through  the  sieve,  particularly  if  the  gangue  is  hard  and 
silicious;  those  that  will  not  are  again  treated  in  the  same 
manner,  and  so  on  until  all  are  through. 


WEIGHING. 

20.  The  entire  result  of  a  gold-silver  assay  or  any  ana- 
lytical determination  is  directly  dependent  upon  the  accu- 
racy of  the  weighing,  both  of  the  ore  charge  and,  more 
particularly,  of  the  button  or  other  product  resulting  from 
the  assay.  No  matter  how  well  the  rest  of  the  work  is  done, 
an  error  in  weighing  either  the  charge  or  the  button  will 
render  the  result,  as  a  quantitative  analysis,  worthless,  and 
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the  assayer's  work  will  be  thrown  away,  as  the  amounts  to 
be  weighed  are  so  small  that  a  very  slight  error  will  multi- 
ply itself  enormously  when  the  results  are  reduced  to  the 
basis  of  ounces  of  metal  in  a  ton  of  ore. 

The  extreme  accuracy  required  of  assay  balances  may  be 
better  realized  if  the  student  will  consider  that  the  usual 
charge  of  ore  used  in  assaying  is  only  a  trifle  over  half  an 
ounce^  or,  in  the  scorification  assay,  only  a  little  more  than 
one-tenth  of  an  ounce  (avoirdupois),  the  charge  in  each  case 
representing  a  ton  of  2,000  pounds  avoirdupois;  and  from 
the  weight  of  the  gold  and  silver  obtained  from  the  assay 
of  this  charge  the  assayer  is  required  to  estimate,  within  a 
few  cents,  the  value  of  the  gold  and  silver  in  a  ton  of  the 
ore.  Ores  containing  less  than  $3  in  gold  per  ton  are,  in 
some  instances,  profitably  worked,  and  much  smaller  pro- 
portions of  gold  than  this  can  be  recovered  by  the  fire  assay, 
even  from  a  -^-assay-ton  charge  (see  Art.  30),  and  the 
buttons  accurately  weighed.  Compare  the  weight  of  a  $5 
gold-piece  with  a  ton  of  ore ;  then  note  the  size  of  a  ^i^^-assay- 
ton  charge,  and  the  extreme  delicacy,  both  of  the  assay 
balances  and  of  the  fire  assay  as  a  method  of  quantitative 
analysis,  becomes  apparent. 


BALANCB». 

21.  Two  balances  are  necessary  for  gold-silver  assay- 
ing— one  for  weighing  the  charges  of  ore  and  the  other  for 
weighing  the  gold  and  silver  buttons  resulting  from  the 
assays.  For  general  analytical  work,  a  third  balance  is 
required  having  a  capacity  between  the  two  mentioned. 
These  balances  constitute  the  most  important,  delicate,  and 
expensive  part  6f  the  assayer's  outfit. 

22.  Pulp  Balance. — The  pulp  balance  for  weighing^ 
the  ore  or  pulp  should  have  a  capacity  of  at  least  200  gramr, 
in  each  pan,  and  should  be  readily  sensitive  to  a  difference 
of  5  mg.  (milligrams)  in  the  weights  in  the  two  pans.  A 
convenient  pulp  balance  is  shown  in  Fig.  5.  Such  a  bal- 
ance, in  a  glass  case — as  shown — costs  about  $25.     Pulp 
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balances  are  frequently  used  without  glass  cases,  and  this 
reduces   the    cost    somewhat.      Two    accurately   balanced 


watch-glasses  make  the  best  possible  removable  scale-pans, 
though  metal  pans  are  frequently  used.  The  watch-glasses 
are  made  with  a  glass  lip  or  handle  for  convenience  in 
removing. 


23.     Button  Balance. — The  balance  for  weighing  the 
gold  and  silver  buttons  should  have  a  capacity  of  1  or  2  grams 
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in  each  pan,  and  should  be  readily  sensible  to  ^  mg.  or 
less.  Balances  are  made  which  indicate  a  variation  of  -^f^  mg. 
Such  extreme  accuracy  as  this  is,  however,  unnecessary  in 
ordinary  work,  and  such  balances  are  very  expensive,  rang- 
ing in  price  from  $125  to  $250.  Balances  sensible  to  ^  mg. 
can  be  bought  for  from  $65  to  $80,  and  for  $90  or  $95  a 
balance  may  be  obtained  sensible  to  yj-y  mg. 

24.  Fig.  6  shows  a  button  balance  with  rider  attach- 
ment, with  which  device  all  the  more  delicate  and  higher 
priced  balances  are  equipped.  The  ** rider"  is  a  small  loop 
of  platinum  or  aluminum  wire,  of  the  shape  shown  in 
Fig.  7,  and  of  definite  weight  (usually  1  mg.  for  button  bal- 
ances and  10  mg.  and  12  mg.  for  less  delicate  analytical 
balances).  This  rider  is  set  astride  the  beam  of  the  balance, 
which  is  graduated  like  the  beam  of  a  steelyard.  The  two 
pans  are  brought  nearly  to  a  balance  by  the  use 
of  ordinary  weights,  and  the  rider  is  then  moved 
along  the  beam  until  the  balance  between  the  two 
sides  is  perfect.  Each  division  on  the  beam  of 
the  balance  is  equivalent  to  a  certain  fraction 
(usually  -^jfj  TfV>  or  V«)  of  21  milligram.  Thus,  if 
each  division  is  -jV  of  the  length  of  the  beam  from  ^'®*  ^' 
the  middle  bearing  to  the  end,  or  pan  bearing,  and  a  1-mg. 
rider  is  used,  each  division  that  the  rider  is  distant  from  the 
middle  bearing  is  equivalent  to  a  weight  of  -^^^  mg.  in  the 
pan  on  the  same  side;  that  is,  it  will  balance  that  weight  in 
the  pan  on  the  other  side.  If  a  10-mg.  rider  is  used,  each 
division  represents-} J,  or  ^,  mg.  The  weight  thus  indicated 
by  the  rider  should  be  added  to  the  sum  of  the  weights  in 
the  pan  on  the  same  side,  to  obtain  the  weight  of  the  charge 
in  the  opposite  pan.  If  the  rider  is  used  on  the  opposite  side 
from  the  weights,  the  amount  indicated  by  the  rider  must 
be  subtracted  from  the  sum  of  the  weights,  in  order  to  get 
the  correct  weight  of  the  charge. 

The  rider  is  moved  back  and  forth  along  the  beam  by  a 
hook  on  the  end  of  a  sliding  rod  extending  through  the  side 
of  the  case  of  the  balance.     This  enables  the  assayer  to  do 
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the  final  balancing  with  the  case  closed,  so  that  the  balance 
can  not  be  disturbed  by  drafts.  The  rider  is  extremely  con- 
venient, as  it  does  away  with  the  use  of  very  small  weights 
and  renders  the  accurate  adjustment  of  the  balance  much 
more  rapid  and  easy. 

2S«  Analytical  Balance* — For  weighing  material 
used  in  gravimetric  analysis  and  for  weighing  precipitates, 
platinum  or  porcelain  crucibles,  and  similar  objects,  which 
require  the  handling  of  material  too  heavy  for  the  button 
balances,  an  analytical  balance  is  necessary.  This  is  con- 
structed considerably  like  the  balance  illustrated  in  Fig.  5, 
but  is  provided  with  a  rider  and  should  have  a  capacity  of 
from  100  to  200  g.  in  each  pan  and  be  sensitive  to.  a  weight 
of  from  one-fifth  to  one-tenth  of  a  mg.  Such  balances  can 
be  obtained  for  from  150  to  175  each. 

26.  Directions  for  setting  up  are  furnished  with  each 
set  of  balances,  and  these  should  be  carefully  observed,  as 
balances  are  very  delicate  instruments  and  are  easily 
injured.  The  button  balance  in  particular  should  be  set 
in  a  dry  place,  away  from  the  furnace,  so  that  it  will  not  be 
affected  by  the  heat.  Any  sudden  change  of  temperature  is 
bad;  and  even  the  shifting  of  the  sunlight,  if  it  strikes  the 
balance,  is  sufficient  to  throw  it  out  of  adjustment.  No  jar 
or  disturbance  of  any  kind  should  be  permitted,  as  it  not 
only  interferes  with  the  weighing,  but  injures  the  balance. 
In  ordinary  buildings  it  is  difficult  to  secure  a  solid  sup- 
port, for  if  the  table  on  which  the  balance  is  set  rests 
directly  on  the  floor,  the  vibrations  from  persons  walking 
around  the  room  will  be  a  serious  annoyance.  In  such  a 
case,  it  is  a  good  plan  to  set  the  support  for  the  balances 
on  wooden  posts  or  brick  piers,  set  in  the  ground  under- 
neath the  office  and  projecting  upwards  through  the  floor 
without  touching  it.  The  balances  should  always  be  tested 
before  using,  to  see  that  they  are  in  perfect  adjustment. 

27.  The  beam  of  a  balance,  while  weighing,  is  sup- 
ported on  steel  or  agate  knife  edges,  and  the  pans  are  also 
hung  from  knife  edges,  thus  making  the   balance  almost 
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frictionless.  ^When  not  in  use  or  while  charging,  the  beam 
is  raised  from  the  knife  edges  by  turning  a  knob  projecting 
through  the  front  of  the  case,  and  the  weight  of  the  pans  is 
supported  from  beneath  by  rests  or  stops,  which  are  worked 
either  by  a  separate  knob  or,  in  most  button  balances,  by 
the  same  knob  that  releases  the  beam.  These  rests  should 
always  be  raised  while  putting  on  or  taking  off  weight  from 
either  pan,  as  the  knife  edges  will  be  dulled  if  the  weight  is 
allowed  to  fall  on  them  while  charging. 

28.  To  protect  balances  from  moisture,  a  small  beaker, 
partly  filled  with  strong  sulphuric  acid,  may  be  placed  in 
the  case.  The  acid  will  absorb  the  moisture  from  the  air 
in  the  case,  and  thus  prevent  rusting  of  the  balance.  A 
small  quantity  of  calcium  chloride  {CaC/^)  in  a  glass  vessel, 
placed  inside  the  balance  case,  will  answer  the  same  purpose 
as  the  sulphuric  acid,  and  will  not  cause  so  much  trouble  if 
accidentally  spilled. 

^WBIGHTB. 

29.  While  any  accurate  weights  may  be  used  for  assay- 
ing, the  metric  system  has  been  generally  adopted  by 
assayers  and  chemists,  as  it  greatly  simplifies  the  calcula- 
tions, all  the  weights  being  divided  decimally.  The  assayer 
should  have  two  sets  of  weights^-one  set  of  metric  weights, 
from  20  or  50  g.  to  1  mg.,  and  one  set  of  A.-T.  (assay-ton) 
weights,  from  4  A.  T.  to  ^  A.  T.  An  accurate  set  of 
metric  weights  as  described  above  costs  from  19  to  $14. 
The  set  usually  includes  three  riders.  A  set  of  assay-ton 
weights  as  described  costs  about  16. 

30.  The  assay-ton  system  is  a  system  of  weights 
devised  to  simplify  the  calculation  of  the  results  of  gold  and 
silver  assays.  With  the  exception  of  fine-bullion  assays, 
which  are  always  reported  in  parts  per  1,000,  the  returns  of 
gold  and  silver  assays  are  always  reported  in  troy  ounces 
per  ton  of  2,000  pounds  avoirdupois.  Consequently,  if  the 
ore  charge  were  weighed  in  grams  or  ounces  and  the  button 
in   milligrams   or  grains,   considerable   figuring   would   be 
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necessary  to  convert  the  result  into  troy  ounces  per  ton. 
The  use  of  assay-ton  weights  in  weighing  the  ore  charge 
dispenses  with  all  this  figuring;  for  the  assay  ton  weighs 
29,166  mg.  (29.166  g.),  or  Just  as  many  milligrams  as  there 
are  troy  ounces  in  an  avoirdupois  ton;  hence,  if  an  ore 
charge  of  1  A.  T.  be  taken,  each  milligram  that  the  result- 
ing button  weighs  represents  1  ounce  (troy)  of  the  metals 
composing  the  button  in  a  ton  of  ore.  The  proportion  is 
obtained  as  follows : 

An  avoirdupois  pound  contains  7,000  grains,  and  a  ton  of 
2,000  pounds  will  therefore  contain  14,000,000  grains.  Now, 
since  there  are  480  grains  in  a  troy  ounce,  by  dividing 
14,000,000  by  480  we  obtain  29,166+,  or  the  number  of  troy 
ounces  in  a  ton  avoirdupois.  Then,  if  we  consider  1  mg.  as 
representing  1  ounce  troy,  we  obtain  the  following  propor- 
tion : 

.      2,000  lb.  (avoir.)   :  1  oz.  (troy)  =  1  A.  T.  :  1  mg. 
(29,166  oz.  troy)  (29,166  mg.) 

If  more  or  less  than  1  A.  T.  of  ore  is  used,  the  contents 
of  the  ore  in  ounces  per  ton  may  be  found  by  dividing  the 
weight  of  the  button,  in  milligrams,  by  the  weight  of  ore 
taken,  in  assay  tons.  For  example,  if  2  A.  T.  of  ore  are 
taken,  the  resulting  button  would  be  twice  as  heavy  as  the 
button  from  a  l-A.-T.  charge;  and  its  weight  would,  there- 
fore, have  to  be  divided  by  2  to  obtain  the  weight  of  the 
button  from  1  A.  T.,  in  which  each  milligram  represents 
1  troy  ounce  per  ton.  With  a  ^^-A.-T.  charge  of  ore,  the 
button  is  only  one-tenth  as  large  as  the  button  from  1  A.  T. ; 
consequently,  each  milligram  represents  10  times  as  much 
as  the  same  weight  in  the  button  from  a  full  A.-T.  charge; 
or,  in  other  words,  the  weight  of  the  button  from  ^  A.  T. 
of  ore  divided  by  r}-^  (or  multiplied  by  10)  =  the  weight  of 
the  button  from  1  A.  T.  The  following  general  rule,  there- 
fore, may  be  adopted  for  the  calculation  of  the  results  from 
the  assay  of  any  weight  of  ore : 

The  weight  of  the  button  in  milligrams  divided  by  the 
weight  of  ore  taken  in  assay  tons  gives  the  number  of  ounces 
per  ton. 


g  36  ASSAYING.  17 

31.  The  weights  should  always  be  handled  with  the  pin- 
cers supplied  for  this  purpose,  as  the  moisture  of  the  hands 
corrodes  them,  and  may  also  appreciably  alter  the  weight 
of  smaller  weights.  They  should  always  be  returned  to  the 
box  as  soon  as  the  weigher  is  through  with  them,  both  to 
prevent  their  loss  and  to  save  time  and  prevent  errors  from 
the  overlooking  of  small  weights  which  have  been  left  in 
the  pan  from  a  previous  weighing. 


MBTHOD  OF  ^WEIGHING. 

32.  Before  starting  to  weigh,  it  should  always  be  seen 
that  the  balances  are  in  perfect  adjustment.  They  must, 
first  of  all,  be  perfectly  level.  Leveling  screws  and  bubble 
tubes  are  provided  for  this  adjustment.  The  scales  are 
then  brought  to  a  perfect  balance  by  means  of  the  adjust- 
ing appliance  on  the  beam  or  by  the  use  of  the  rider.  They 
are  now  ready  for  weighing. 

When  weighing  with  delicate  balances,  or  with  practically 
any  balance  for  analytical  work,  it  is  as  a  rule  best  to  weigh 
on  the  **  swing,"  as  it  is  expressed,  rather  than  to  try  and 
bring  the  scale  to  perfect  rest.  For  instance,  if  the  weights 
have  been  placed  in  one  pan  and  the  load  in  the  other,  the 
supports  are  carefully  removed  and  the  pans  allowed  to 
swing  slightly.  The  long  pointer  will  travel  backwards  and 
forwards  across  the  graduated  scale  between  the  pans.  If 
after  the  first  two  or  three  swings  the  pointer  were  to  travel 
seven  divisions  to  the  left,  six  and  one-half  divisions  to  the 
right,  six  divisions  to  the  left,  five  and  one-half  divisions  to 
the  right,  etc.,  thus  dropping  off  a  half  division  (or  other 
equal  fraction  of  a  division)  each  time,  but  swinging  approx- 
imately equal,  the  pans  would  be  equally  balanced  and  the 
weight  would  be  read  without  spending  the  time  necessary 
to  bring  the  beam  to  rest.  The  adjustment  of  the  scales 
should  be  made  in  the  same  way,  i.  e.,  they  should  be  made 
to  swing  to  equal  distances  on  both  sides  of  the  center,  either 
when  the  pans  are  empty  or  when  they  contain  equal  weights. 
Usually  in  a  good  balance,  pans  will  not  come  to  rest  as 
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rapidly  as  a  half  division  for  each  swing,  and  hence  it  might 
require  a  few  minutes  to  bring  them  to  rest  with  the  pointer 
in  the  center.  This  method  of  weighing  by  means  of  the 
deflection  of  the  needle  to  the  right  and  left  is  both  much 
more  rapid  and  accurate  than  the  system  of  trying  to  bring 
the  pans  to  rest,  but  at  the  same  time  the  swing  should  not 
exceed  a  deflection  of  more  than  four  or  five  divisions 
each  way. 

33.  Charge,— The  weight  of  the  charge  is  usually 
fixed,  and  so  the  desired  weight  is  put  into  one  pan.  The 
pulp  from  which  the  charge  is  to  be  taken  is  poured  upon  a 
sheet  of  glazed  paper  or  a  mixing  cloth  (a  sheet  of  rubber 
cloth  or  oilcloth,  about  10'  X  15')  in  front  of  the  scales, 
thoroughly  mixed  by  rolling,  as  described  in  Art.  17,  and 
then  with  a  large  spatula  spread  out  into  a  thin  pile.  Take 
out  the  empty  scale-pan  and  place  the  pulp  charge  in  it. 
The  charge  is  taken  from  all  over  the  surface  of  the  pile  of 
pulp,  a  dip  here  and  a  dip  there,  to  further  msure  an  aver- 
age sample.  When  approximately  the  right  amount  is  in 
the  pan,  it  is  replaced  on  the  scales.  Then  pulp  can  be 
added  or  removed  as  required  with  a  small  spatula  until 
the  correct  weight  is  obtained.  The  beam  is  held  off  the 
knife  edge  during  charging,  being  let  down  only  to  observe 
the  balance,  until  very  nearly  the  correct  weight  is  struck. 
It  may  then  be  let  down ;  but  the  pan  rests  are  still  kept  up, 
the  pans  being  released  only  for  observing  the  balance,  and 
then  immediately  stopped  again.  As  soon  as  the  correct- 
weight  is  obtained,  the  beam  is  raised  from  the  knife  edge 
again,  and  the  pan  removed  and  its  contents  brushed  into 
the  crucible  or  other  receiving  vessel,  using  a  soft  camel's- 
hair  brush  for  this  purpose.  If  duplicate  charges  are  being 
used,  the  charges  may  be  weighed  separately,  all  in  one  pan, 
or  the  weights  may  be  removed  before  emptying  the  loaded 
pan,  and  a  charge  put  into  the  pan  which  contained  the 
weights,  to  balance  the  weighed  charge.  The  pulp  should 
be  rolled  and  mixed  anew  for  each  charge.  The  pans  must 
always  be  brushed  perfectly  clean  after  each  weighing,  and 
should  be  handled  as  lightly  as  possible. 
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One  great  objection  to  weighing  balanced  charges,  that 
is,  placing  the  weights  in  one  pan  and  a  charge  in  the  other 
and  then  removing  the  weights  and  balancing  the  charge 
already  weighed  out  with  another  supply  of  ore,  is  that  there 
is  danger  of  getting  the  pans  of  the  balance  interchanged, 
and,  as  a  rule,  the  pans  are  not  exactly  of  the  same  weight, 
and  hence  should  be  kept  in  their  respective  places.  Most 
chemists  make  it  a  rule  to  do  all  their  weighing  in  one  pan 
and  to  always  use  the  weights  in  the  other.  One  great 
advantage  of  this  system  is  that  the  small  weights  are  never 
in  danger  of  becoming  mixed  in  with  the  ore,  or  there  is  no 
danger  of  ore  or  pulp  becoming  attached  to  the  pan  in  which 
the  weights  are  used.  When  the  weights  are  always  used 
in  one  pan,  a  right-handed  man  will  usually  find  it  most  con- 
venient to  keep  the  weights  in  the  right-hand  pan. 

34.  Buttons. — The  buttons  are  weighed  in  practically 
the  same  manner  as  the  pulp,  except  that  the  unknown 
weight  (button)  is  put  in  one  pan  ^and  then  balanced  by 
weights  in  the  other  pan.  The  final  balance  is  usually 
obtained  by  the  use  of  the  rider.  If  duplicate  buttons  are 
being  weighed,  the  weight  of  one  may  be  obtained  as 
described,  and  then  the  second  button  substituted  for  the 
weights  in  the  weight  pan,  and  the  difference  in  the  weights 
of  the  buttons,  if  there  is  any,  balanced  by  the  use  of  the 
rider  (and  the  small  weights,  if  necessary,  although  a  differ- 
ence great  enough  to  require  as  much  as  a  milligram  to 
measure  it  is  altogether  too  large  to  overlook,  except  in 
extremely  high-grade  gold  ores  or  rich  silver  ores).  The 
front  of  the  scale  case  should  be  closed  as  soon  as  the  dif- 
ference  in  weight  comes  within  the  limit  of  the  rider,  and 
the  final  balance  obtained  without  any  interfering  air-cur- 
rents. The  work  can  be  done  about  as  quickly  by  leaving 
the  weights  in  the  pan  and  substituting  one  button  for  the 
other  and  noting  the  difference  with  the  rider. 

The  assayer  should  have  a  weight  book  in  which  to  record 
all  weighings  of  buttons  or  other  materials  obtained  in 
assaying  or  analytical  work,  and  in  reading  any  given  weight 
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he  should  first  read  the  weight  as  recorded  by  the  weights 
in  the  pan  of  the  balance  and  the  setting  of  the  rider,  and 
then  should  read  the  weight  as  recorded  by  the  empty  spaces 
in  the  weight  box  and  the  rider.  This  will  give  a  check  on 
the  reading  and  will  also  serve  to  check  the  loss  or  oversight 
of  any  small  weight  on  the  scales. 


FURNACES. 

35.  The  furnaces  used  in  assaying  vary  in  size  and 
design  with  the  amount  and  character  of  the  work  done, 
and  also  with  the  kind  of  fuel  used.  They  are  of  two  gen- 
eral types:  i^lnd  or  crucible  furnaccH,  in  which  the 
vessel  containing  the  charge  to  be  melted  is  heated  by 
direct  contact  with  the  fuel  or  flame,  and  muffle  furnaces, 
in  which  the  heating  is  indirect,  the  vessel  being  placed  in 
a  fireclay  muffle  or  oven,  which  is  heated  from  the  outside. 
Charcoal,  coke,  coal,  gas,  or  gasoline  may  be  used  as  fuel 
with  either  type. 

36.  Wind  Furnace. — Wind  furnaces  are  used  chiefly 
for  melting  bullion,  for  which  purpose  a  higher  heat  is 
necessary  than  can  be  obtained  in  a  muffle  furnace;  the 
crucibles  used  for  bullion  melting  are,  moreover,  too  large 
to  enter  the  ordinary  muffle.  Occasionally,  the  wind  fur- 
nace is  used  for  making  fusions  of  larger  quantities  of  ore 
than  can  be  safely  put  into  crucibles  of  a  size  not  too  large 
for  the  muffle  furnace.  The  American  practice,  how- 
ever, is  to  use  the  muffle  furnace  wherever  possible,  as  it 
is  much  cleaner  and  neater,  and  the  work  can  be  more 
carefully  watched  and  the  heat  and  air  more  successfully 
controlled. 

Fig.  8  shows  the  ordinary  type  of  wind  furnace  for  burn- 
ing solid  fuel  (anthracite,  coke,  or  charcoal).  The  furnace 
is  built  of  red  brick,  with  a  firebrick  lining  at  least  4  inches 
thick  in  the  fire-chamber,  the  entire  thickness  of  the  walls 
being  usually  from  8  to  12  inches.     The  walls  are  bound 
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together  by  angle-irons  and  tie-rods,  or,  in  some  cases,  by  a 
complete  casing  of  sheet  iron.  The  latter  strengthens  the 
furnace,  but  radiates  more  heat  than  the  bricks.  The  fire- 
chamber  is  ordinarily  12  inches  square,  but  may  be  made  of 
any  size  desired.  The  grate- 
bars  are  separate  and  re- 
movable, their  ends  resting 
on  narrow  iron  ledges  built 
into  the  furnace  walls. 

The  draft  is  regulated  by 
the  iron  door  of  the  ash-pit. 
The  top  of  the  furnace  may 
be  either  flat  or  inclined  as 
shown,  with  a  ledge  in  front 
on  which  to  set  crucibles  and 
molds.  It  is  made  of  a  cast- 
iron  plate,  with  the  opening 
usually  flush  with  the  sides 
of  the  firebox.  This  open- 
ing is  covered  while  working 
with  a  cast-iron  plate  or  lid. 
In  large  furnaces  this  plate 
is  sometimes  lined  with  fire- 
brick, and  slides  back  and 
forth  on  rollers.  The  flue 
connects  with  the  firebox  at 
the  back,  near  the  top,  and  is 
usually  from  16  to  20  square 
inches  in  area  {4'  x  4,',  Z'  X  i''o.  8. 

()',  or  4'  X  5')  for  a  12'  X  12'  furnace.  The  stack  should  be 
5'  X  6'  or  0'  X  G'  in  the  clear,  and  should  be  at  least  20  feet 
high — the  higher  the  better. 

For  crucible  furnaces  intended  for  melting  quite  large 
charges,  the  covers  are  frequently  provided  with  iron  rings 
and  are  hoisted  off  and  removed  by  means  of  a  small  tackle 
hanging  from  a  trolley  which  runs  on  a  rail  supported  over 
the  furnace.  The  same  trolley  may  be  employed  for  hoist- 
ing the  pots  from  the  furnace. 
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Small  portable  crucible  furnaces  for  assaying  are  made 
of  fireclay  tile,  bound  together  by  a  sheet-iron  casing  or  by 
wrought-iron  bands. 

When  gasoline  or  gas  is  used  to  fire  assay  furnaces,  a 
special  style  of  furnace  is  sometimes  employed  in  which  4  to  8 
crucibles  are  placed  in  a  small  chamber  which  is  covered 
with  a  firebrick  lid.  The  fire  enters  at  the  back,  passes 
around  the  crucibles  and  out  through  a  small  flue.  The 
crucibles  are  removed  by  lifting  off  the  cover  and  handling 
them  with  tongs.  This  style  of  furnace  is  more  economical 
than  a  muffle  would  be  for  heating  crucibles  where  a  limited 
amount  of  work  is  done,  using  gasoline  as  a  fuel,  and  a 
smaller  muffle  may  be  employed  for  the  cupellation  of  the 
buttons  obtained. 

37.  Muffle  Furnace. — Muffle  furnaces  are  built  to 
receive  fireclay  muffles  similar  to  the  one  shown  in  Fig.  9; 

these  muffles  are  heated  from  the 
outside,  like  an  oven,  and  the 
crucibles,  scorifiers,  or  cupels  are 
placed  inside.  The  front  of  the 
muffle  opens  into  the  air,  and  a 
^'®-  ®-  small  hole  or  slit  in  the  rear  permits 

a  constant  current  of  fresh  air  to  flow  through  the  muffle  while 
working.  The  heat  of  the  muffle  and  the  draft  through  it 
may  be  regulated  by  the  door  in  front.  Assay  muffles  are 
made  in  various  sizes,  from  7  inches  long  by  3^  inches  wide 
to  18  inches  long  by  14  inches  wide.  The  12'  X  6'  and 
14'  X  8'  sizes  are  the  most  commonly  used,  as  they  are 
plenty  large  enough  to  receive  a  double  row  of  10-g.  cruci- 
bles— the  size  most  commonly  used  in  assaying.  Muffles 
usually  last  only  a  few  weeks,  but  are  easily  replaced  when 
they  break. 

38.  Fig.  10  shows  the  construction  of  a  brick  muffle 
furnace  built  for  three  muffles  and  to  burn  bituminous 
coal.  The  construction  of  muffle  furnaces  varies  somewhat 
with  the  nature  of  the  fuel  used.  Furnaces  for  burning 
long-flaming,  bituminous  coal  have  the  muffle  1'^  to  18  inches 
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above  the  grate-bars,  and  use  a  comparatively  thin  bed  of  fuel, 
depending  upon  the  flame  to  heat  the  muffle.     The  fire-door 
is  on  the  level  of  the  grate.     In  furnaces  for  burning  coke, 
charcoal,  or  anthracite,  on  the  other  hand,  the  muffle  is  set 
within  6  or  8  inches  of 
the  grate,  and  the  fuel 
is  packed  in  around  the 
muffle.     These  fuels  are 
all  very  short  flaming, 
and  their  heat,  though 
intense,    is    only   local, 
and  will  scarcely  raise 
a  glow  in  a  muffle  placed 
a  few  inches  above  the 
fire     bed,     hence     the 
necessity    of    surround- 
ing the  muffle  by  fuel. 
The    fire-door    in    fur- 
naces   of    this   type   is 
F'o- 11-  placed    some    distance 

above  the  muffle,  and  a  narrow  horizontal  slit  is  made  in  the 
furnace  on  the  level  of  the  grate-bars  for  stirring  the  fire 
and  cleaning  tiie  grate.  Stationary  muifle  furnaces  are 
usually  built  of  red  brick,  lined  with  one  course  of  firebrick. 
The  walls  are  firmly  braced  with  buckstays  and  tie-rods. 

The  sheet-iron  pipe  shown  in  Fig.  10  is  to  draw  oft  any 
fumes  that  tend  to  escape  from  the  front  of  the  muffle  and 
conduct  them  to  the  chimney. 

Portable  muffle  furnaces  are  made  in  all  sizes,  designed 
for  burning  coke,  charcoal,  or  anthracite.  They  are  built  of 
fireclay  tile,  bound  together  by  wrought-iron  strips.as  shown 
in  Fig.  11,  or  completely  encased  in  sheet  iron. 

39.  There  are  a  number  of  gas  and  gasoline  furnaces 
made.  They  are  very  convenient,  particularly  when  the 
amount  of  work  is  limited  and  the  furnace  is  used  only 
intermittently.  The  niuflle  need  be  kept  hot  only  while  in 
actual  use ;  the  gas  may  he  shut  off  as  soon  as  the  assayer  is 
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through  with  it,  thus  economizing  greatly  in  fuel,  prolong- 
ing  the  life  of  the  muffle,  and  adding  greatly  to  the  comfort 
of  the  office  during  hot  weather.  Their  neatness  is  also  a 
great  recommendation,  as  they  dispense  entirely  with  coal 
dust  and  ashes.  Gas  is  used  entirely  in  the  U.  S.  mints  for 
both  melting  and  muffle  furnaces. 


FURNACE  TOOLS. 

40.  Firing  Tools. — Firing  tools — poker,  shovel,  and 
scraper — are,  of  course,  necessary  in  connection  with  assay 
furnaces  using  solid  fuel. 

41.  Crucible  Tongs. — When  a  crucible  furnace  is 
used,   a  pair  of  crucible  tongs  is  necessary  for  lifting  the 
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crucibles.  These  are  of  various  designs.  Fig.  12  {a)  shows 
the  double-bent  and  (^)  the  single-bent  crucible  tongs  which 
are  commonly  used  for  handling  medium-sized  melting 
crucibles.  They  are  made  of  wrought  iron  and  are  from 
30  to  36  inches  long.  -^ 

A  pair  of  small  crucible  tongs,  of  the  kind  used  for  hand- 
ling small  porcelain  crucibles,  is  convenient  for  removing 
nails  from  assay  crucibles  and  for  handling  annealing  cups. 

42.  Scorlfler  Tongs. — Fig.  13  shows  the  scorifier 
tongs  used  for  handling  the  scorifiers  and  small  crucibles 
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used   in  muffle  work.     These  tongs  are  made  of  steel,  or 
of  wrought  iron  with  a  steel  spring,  and  are  from  27  to 
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36  inches  in  length.  They  are  large  enough  to  handle 
20-g.  crucibles,  the  largest  size  used  in  muffle  work,  and  are 
much  handier  for  that  purpose  than  crucible  tongs. 

43.     Cupel  Tongs. — Fig.  14  shows  the  ordinary  form 
of  cupel  tongs  for  handling  the  bone-ash  cupels.     Like  the 
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scorifier  tongs,  they  are  made  entirely  of  steel.  A  steel 
guide,  fixed  in  the  middle  of  one  leg  and  passing  through  a 
hole  in  the  other,  serves  to  keep  them  in  line.  Scorifier 
tongs  are  also  frequently  fitted  with  similar  guides.  Cupel 
tongs  are  made,  as  shown,  with  a  bend  at  the  end,  so  that 
cupels  at  the  back  of  the  muffle  can  be  removed  without  dis- 
turbing those  in  front. 


44. 

receive 


Molds.  —  Molds  made   of    cast   iron   are   used  to 
the  melted  contents  of  scorifiers  and  crucibles.  Their 

use  hastens  the  cooling  of  the  charge 
and  leaves  the  crucibles  in  such  a  con- 
dition— ^when  the  fusion  has  been  per- 
fect and  the  pour  clean — that  they 
can  be  used  again  if  desired.  Scori- 
fiers, however,  should  never  be  used 
for  more  than  one  fusion,  as  the  scori- 
fication  usually  corrodes  the  vessel  so 
much  as  to  render  it  unsafe  for  use  a 
second  time. 


Fig.  16. 
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Fig.  15  shows  a  12-hole  mold  for  ordinary  work  with 
scorifiers  and  10-g.  crucibles.  For  larger  crucibles,  a  mold 
with  deeper  holes  must  be  used.  Fig.  16  shows  one  form 
of  crucible  mold. 

45.  Cupel  Board. — An  almost  indispensable  part  of 
the  assayer's  outfit  is  the  cupel  board,  or  hot  board,  on  which 
hot  cupels  are  set  as  they  are  withdrawn  from  the  furnace.  It 
is  merely  a  bit  of  1-inch  board,  about  10  inches  wide,  with  a 
handle  at  one  end,  as  shown  in  Fig.  17,  and  with  a  rectangular 
piece  of  ^-inch  sheet  iron,  about  10'  X 12',  screwed  to  the  upper 
side.  It  is  a  good  plan  to  cut 
a  number  of  small,  radiating 
grooves  in  the  board  under  the 
plate,  to  allow  the  escape  of  the 
gas  which  forms  at  first,  before  P'°-  ^7. 

the  wood  has  become  charred,  when  the  iron  plate  becomes 
heated  from  the  red-hot  cupels.  The  gas  will  usually  escape 
without  this  precaution,  but  occasionally  it  accumulates 
between  the  board  and  the  plate  and  explodes.  The  explo- 
sion is  not  violent  enough  to  injure  the  board,  but  it  will 
upset  and  mix  the  cupels,  making  it  necessary  to  repeat  a 
number  of  assays. 

46.  Hammer. — A  hammer  is  necessary  for  beating  out 
lead  buttons,  to  free  them  from  slag  and  get  them  into  con- 
venient shape  for  cupellation.  A  2-pound  machinist's  ham- 
mer with  a  square  face  is  of  a  very  convenient  size  and 
shape  for  this  purpose. 

47.  Button  Tonsrs. — A  pair  of  spring  button  tongs, 
similar  to  the  iron  forceps  described  in  Art.  65,  Blowpiping^ 
is  necessary  for  handling  the  button  while  beating  it  out. 

48.  Miscellaneous  Tools. — Besides  the  preceding 
tools,  there  are  many  others  that  are  handy  around  a  fur- 
nace, such  as  cupel  shovels,  cupel  rakes,  etc. ;  but  these  are 
not  necessary,  and  their  work  can  be  conveniently  done 
by  the  tools   at  hand.     The  assayer  should,    however,    be 


supplied  with  a  scraper  for  cleaning  up  spilled  slag  and  lead 
from  the  muffle  in  case  of  any  accident,  such  as  the  boiling 
over  of  a  crucible  or  the  cracking  or  spilling  of  a  cupel. 


CRUCIBLES,   SCORIFIERS,  ETC. 

49.  The  crucibles  and  scorifiers  used  in  assaying  must 
be  able  to  withstand  very  high  heats  and  sudden  changes  of 
temperature  without  fusing  or  cracking,  and  to  resist  the 
corrosive  action  of  the  charges. 

50.  Crucibles. — There  are  various  makes  and  styles 
of  crucibles.  In  America,  fireclay  cruelbles,  of  the 
Colorado  or  lead-assay  pattern,  are  used  almost  exclusively 
for  muffle  work.     This  crucible  is  illustrated  in   Fig.   18. 

The  size  known  as  A,   or  10-gram 

(made  for  running  a  charge  of  10  g. 

of  lead  ore),  will  serve  for  a  ^-A.-T, 

gold-silver  assay;  or   for  a  l-A.-T, 

assay,    a  ^0-g.,    or   B,    crucible. 

The  crucibles  are  low,  and  broad  at 

the  base;  this   shape  is  much  safer 

and  more  convenient  for  muffle  work 

than  that  of  the  regular  Baltersea 

gold-assay  crucibles.     The  latter  are 

Fio.  IS.  narrower   in   proportion    to    their 

height,  and  are    made  with  a  lip  for  pouring.     They  are 

made,  like  the  lead-assay  crucibles,  of  the  best  quality  of 

fireclay.       Fireclay  crucibles  are  very  strong  and  durable 

and  are  smooth  and  pour  cleanly. 

51.  Sandt  or  Hessian,  crucibles  are  very  little  used 
in  this  country.  They  are  rather  bulky  and  are  not  well 
adapted  to  muffle  work,  as  their  comparatively  small  base 
renders  them  liable  to  upset.  They  serve  well  for  melting, 
but  their  roughness  unfits  them  for  pouring. 

52.  Graphite,  or  pluaibaico,  crucibles  are  largely 
used  for  melting  bullion.  Large  Battersea  clay  crucibles 
are  also  used  for  this  purpose. 


§  36  ASSAYING.  29 

53.  Scoriflers;^ — Scorifiersaremadeof  fireclay.  Fig,  19 
shows  the  usual  form.  They  are  made  in  sizes  from  1  to 
5  inches  in  diameter.     The 

sizes  most  commonly  used 
are  the  2|-inch  and  2J-inch,       i 
which    will    receive   a    ^ 
A.-T.  charge  of  ore. 

54.  RoastlnK  Dlsbes. 

— Roasting  dishes  are  wide, 

shallow,     saucer- shaped  "'"■"■ 

dishes  of  fireclay,  used  for  roasting  sulphide  ores,  drying 

and   calcining   ores,   etc.      While   not   indispensable,    they 

are  very  convenient.     They  range  from  2  to  7  inches  in 

diameter. 

55.  Cupels. — Fig.   20  shows  the   most  common   form 

of  the  bone-ash  cupels  used  in 
separating  the  gold  and  silver  from 
the  lead  buttons.  These  cupels 
may  be  purchased  ready  made,  but 
most  assayers  prefer  to  buy  the 
bone-ash  in  bulk  and  make  their 
own  cupels.  The  home. 
"  made  cupels  are  much  _ 

cheaper,  and  if  well 
made  are  fully  as  good  as  the  purchased  articles. 
All  the  tools  required  are  a  brass  or  iron  mold 
and  pestle  (shown  in  Fig.  21)  and  a  wooden 
mallet. 

A  pound  or  so  of  bone-ash  is  thoroughly 
mixed  with  just  enough  water  to  dampen  it, 
so  that  when  squeezed  in  the  hand  it  will  stick 
together  and  show  distinctly  the  impression  of 
the  fingers.  It  must  not,  however,  contain 
enough  water  to  feel  wet  and  dampen  the  fin- 
gers; the  proper  consistency  is  difficult  to  de- 
scribe, but  is  soon  learned.  The  cupels  will  be 
stronger  and  less  liable  to  crack  in  drying  if  a 
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strong  solution  of  carbonate  of  soda  or  potassium  (sal  soda 
or  pearlash)  be  used  for  moistening  the  bone-ash  instead  of 
water  alone.  The  moistened  bone-ash  is  sifted  through  an 
ordinary  flour  sieve  to  break  up  all  lumps.  To  make  the 
cupel,  the  cupel  ring  is  placed  on  a  smooth  block  of  wood 
and  filled  level  full  with  the  moistened  bone-ash  put  in 
loosely ;  the  pestle  or  plunger  is  then  inserted  and  struck 
four  or  five  moderate  blows  with  the  mallet,  compressing 
the  ash  into  the  form  of  the  cupel.  To. remove  the  cupel 
from  the  mold,  invert  the  mold;  then  with  a  gentle  upward 
pressure  turn  the  plunger  to  free  it  from  the  cupel,  and 
gently  but  steadily  force  the  cupel  out. 

The  moist  cupels  are  set  aside  and  allowed  to  dry  out 
slowly.  If  it  is  absolutely  necessary  to  use  them  at  once, 
they  may  be  dried  out  and  made  reasonably  safe  by  setting 
them  on  top  of  the  furnace  for  several  hours  while  running; 
but,  if  possible,  they  should  be  allowed  to  stand  several 
weeks  before  using.  The  British  mint  keeps  the  cupels  two 
years  before  using  them. 

56.  The  texture  of  the  cupel  is  very  important.  If  it  is 
too  porous,  it  will  absorb  some  silver,  and  the  results  of  the 
assay  will  be  too  low;  if  too  dense,  it  will  crack  or  '*  check  " 
in  the  muffle  when  it  becomes  saturated  with  litharge.  The 
density  depends  upon  the  fineness  of  the  bone-ash,  the 
amount  of  water  used  in  mixing,  and  the  amount  of  com- 
pression. The  finer  the  bone-ash  the  more  dense  the 
cupel,  and  the  damper  the  ash  the  greater  will  be  the  com- 
pression from  the  same  power  on  the  plunger.  The  cupels 
should  be  made  of  a  medium  grade  of  bone-ash,  or  the  mold 
may  be  filled  about  two-thirds  full  with  coarse  ash  and  the 
remainder  with  fine.  A  cupel  made  in  the  latter  ivay  will 
absorb  a  great  deal  of  litharge  and  very  little  silver.  If 
about  1  part  of  common  flour  to  10  of  bone-ash  is  thoroughly 
mixed  with  the  bone-ash  before  vioistening^  the  cupels  may 
be  compressed  rather  harder  than  when  bone-ash  is  used 
alone;  then,  when  placed  in  the  muffle,  the  flour  will  burn 
out,  leaving  the  cupel  quite  porous  and  in  good  condition 
for  absorbing  litharge. 
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57.  The  shape  of  cupels  is  immaterial.  That  shown  in 
Fig.  20  is  the  most  common  because  it  is  readily  removed 
from  the  mold  and  is  easily  handled  in  the  muffle  without 
risk  of  tipping.  The  mold  is  sometimes  made  so  that  the 
cupel  is  a  trifle  wider  at  the  base  than  at  the  top ;  this  makes 
it  easier  to  remove  from  the  mold,  but  they  have  to  be 
more  carefully  handled  in  the  muffle,  as  the  tongs  grip  the 
sloping  sides  of  the  cupel  along  their  lower  edge,  and  if  the 
point  of  contact  happens  to  come  below  the  center  of  grav- 
ity of  the  cupel,  the  latter  will  be  apt  to  turn  upside  down 
and  lose  the  button.  The  bowl  of  the  cupel  should  be  large 
enough  to  hold  the  melted  lead  button  without  overflowing, 
and  the  cupel  should  weigh  when  dry  approximately  at 
least  as  much  as  the  lead  button  to  be  cupelled  in  it.  The 
usual  diameter  is  IJ^  inches.  If  a  button  is  too  large  to 
absorb  in  one  cupel,  it  may  be  cupelled  in  two  portions,  or 
if  the  bowl  of  the  cupel  is  large  enough  to  hold  the  lead,  the 
button  may  be  put  in  one  cupel,  and  this  set  upon  a  second, 
the  latter  being  set  upside  down  in  the  muffle.  As  soon  as 
the  upper  cupel  is  saturated  with  litharge,  the  excess  will  be 
absorbed  by  the  under  cupel. 

58.  Porcelain  Capsules. — Small  porcelain  crucibles, 
or  capsules,  are  used  in  parting  the  gold  and  silver.  The 
parting  may  be  done,  if  desired,  in  test  tubes  or  small  parting 
flasks,  and  the  gold  afterwards  annealed  in  small,  porous, 
clay  annealins:  cups.  The  use  of  porcelain  capsules  is 
preferable,  however,  as  they  can  also  be  used  for  annealing; 
the  parted  gold  is  washed  in  the  capsule  by  filling  it  with 
water  and  decanting  (pouring  off)  the  washings,  repeating 
several  times;  the  gold  is  then  annealed  in  the  muffle  or  over 
the  blast-lamp  without  removing  it  from  the  capsule.  The 
porcelain  capsules  are,  moreover,  much  stronger  and  more 
durable  than  the  annealing  cups,  and  no  more  expensive. 

59.  For  parting  the  gold  and  silver  in  bullion  assays, 
platinum  parting  trays  are  commonly  used.  The  trays  are 
simply  small  crates  of.  platinum  wire,  divided  into  a  number 
of  compartments,  in  each  of  which  is  placed  a  small  platinum 
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cup — merely  a  small  crucible — with  a  series  of  slits  in 
the  bottom  to  allow  free  circulation  of  the  acid  and  permit 
it  to  drain  off  readily  on  removing  the  tray  from  the  bowl. 
The  gold-silver  **  cornets,"  made  by  rolling  the  buttons  out 
into  thin  strips,  annealing  them  by  heating  to  redness  in  the 
muffle,  and  then  twisting  them  into  a  spiral  coil,  are  put  in 
the  tray,  one  in  each  cup,  and  the  tray  is  then  hung  in  a 
platinum  bowl  about  3  inches  in  diameter  and  2  inches  deep, 
filled  to  within  about  ^  inch  of  the  top  with  dilute  nitric 
acid  of  1.28  Sp.  Gr.  (50  per  cent,  concentrated  acid),  and 
heated  nearly  to  boiling.  They  are  boiled  10  minutes  in 
this  acid;  then  this  is  poured  off  and  the  dish  refilled  with 
fresh  acid  of  the  same  strength  (or  sometimes  the  second 
acid  is  used  stronger),  and  they  are  boiled  10  minutes 
longer.  The  crate  is  then  lifted  out  and  the  cornets 
washed  in  the  crate  with  pure  distilled  water.  They  are 
then  dried  out  over  a  Bunsen  burner  or  an  alcohol  lamp,  and 
the  crate  and  its  contents  are  then  put  into  the  muffle  and 
allowed  to  come  to  a  red  heat  to  anneal  the  cornets.  After 
cooling,  the  cornets  are  weighed. 


FLUXES. 

60.  The  majority  of  ores  are  by  themselves  infusible, 
or  nearly  so,  at  the  temperatures  obtainable  in  an  assay  fur- 
nace; but  if  the  pulverized  ore  be  well  mixed  with  the  cor- 
rect proportions  of  certain  solid  chemical  reagents,  the 
mixture  will  readily  fuse  at  a  moderate  heat  to  a  fluid  mass, 
called  slag,  from  which  such  heavy  metals  as  lead,  gold,  and 
silver,  which  reduce  to  their  metallic  state  during  the  fusion, 
settle  out  on  account  of  their  greater  specific  gravity.  The 
reagents  used  for  this  purpose  are  called  fluxes,  from  their 
property  of  making  the  mixture  fluid. 

61.  Fluxes  may  be,  like  the  ore  itself,  infusible  alone, 
although  fusible  when  mixed  in  the  proper  proportions. 
For  example,  iron  oxide,  calcium  oxide  (lime),  and  silica 
(the  most  common  gangue  material  of  ores)  are  each,  sepa* 
rately,  extremely  infusible,  but  when  properly  mixed  they 
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form  a  very  fusible  slag.  These  three  substances  are,  as  a 
matter  of  fact,  the  principal  constituents  of  all  slags  except 
that  from  iron  blast-furnaces.  In  the  latter  the  iron  is 
removed  by  reduction  to  a  metal  at  an  extremely  high  tem- 
perature and  in  a  very  powerful  reducing  atmosphere,  and 
the  slag,  or  **  cinder"  as  it  is  more  commonly  called  in  the 
iron  trade,  is  made  up  mainly  of  silica  and  lime.  Slags  are 
more  or  less  definite  chemical  compounds,  and  in  figuring 
the  furnace  charge  of  an  ore,  its  composition,  with  regard  to 
lime,  iron,  and  silica,  is  taken  into  consideration,  and  the 
amount  of  fluxes  added  is  just  sufficient  to  give  the  correct 
proportions  of  these  substances  to  produce  a  slag  of  fixed 
composition. 

62.  In  the  case  of  the  use  of  fluxing  materials  that  are 
by  themselves  refractory,  any  excess  of  any  of  them  over  the 
correct  fixed  proportions  makes  the  mixture  somewhat  less 
fusible.  If,  on  the  other  hand,  the  fluxing  material  is  itself 
quite  fusible,  any  excess  will  make  the  slag  more  fluid  by 
simple  dilution,  even  if  it  does  not  combine  chemically  with 
the  rest  of  the  slag-making  material.  In  assaying,  it  is 
impracticable  to  determine  the  composition  of  each  sample 
before  assaying  it;  hence  the  fluxes  used  are  mostly  thosp 
that  are  of  themselves  readily  fusible,  and  mixtures  are 
made  as  nearly  as  possible  universal;  that  is,  the  assayer 
seeks  to  find  a  mixture  which  will  flux  all  ores.  A  perfect 
universal  flux  is  out  of  the  question,  as  there  is  too  wide  a 
variation  in  the  chemical  characteristics  of  ores  for  any  one 
mixture  to  satisfactorily  flux  them  all.  In  Arts.  78  to  80, 
however,  are  given  a  number  of  fluxes,  each  of  which  has 
been  successfully  used  as  a  general  flux.  Occasionally,  when 
using  a  general  flux,  an  ore  will  be  met  that  will  not  flux 
satisfactorily.  In  such  a  case,  the  cause  of  refractoriness  iS 
determined  either  by  the  eye  or  by  chemical  analysis,  if 
necessary,  and  corrected  by  the  addition  of  the  proper  flux- 
ing materials.  For  example,  an  excess  of  silica,  which  is 
acid  in  its  reactions,  may  be  corrected  by  the  addition  of  a 
flux  which  reacts  as  a  base ;  the  metallic  oxides,  on  the  other 
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hand,  are  basic  in  their  reactions,  and  any  excess  of  them 
must  therefore  be  counteracted  by  the  use  of  an  acid  flux. 

63.     The  following  are  the  principal  gangue  materials, 
classified  according  to  their  chemical  character: 

GANGUB  MATERIALS. 


Acid. 

Basic, 

Silica,  uncombined;    as,  quartz 

Metallic  oxides  and  carbonates, 

crystals,   rock   quartz,   quartzite, 

notably    those    of    iron,   calcium 

sandstone,  etc 

(lime),   magnesium,    and    manga- 

Silicates, or  silica,  combined  with 

nese. 

a  base ;   as,  feldspars,  mica,  clay. 

Fluoritc,  or  fluor-spar  (calcium 

slate,  etc. 

fluoride). 

Rocks  in  which  silica,  either  free 

Barite,   or   heavy-spar  (barium 

or  combined,   predominates;    as. 

sulphate). 

granite,  quartz,  porphyry,  etc. 

Generally  speaking,    all    the 

Generally  speaking,  the  acidity 

metallic  elements  and  their  com- 

of a  gangue  is  due  to  silica. 

mon  salts,  with  the  exception  of 

silicates,  act  as  bases. 

The  gangue  as  a  whole  is  acid  or  basic  according  as  the 
acid  or  basic  constituents  are  in  excess.  When  both  are 
present  in  the  same  proportion,  the  gangue  is  said  to  be 
neutral.  All  silicates  are  more  or  less  self-fluxing,  as  the 
silica  is  already  partially  neutralized  by  combination  with 
the  metallic  base  of  the  silicate.  They  may  be  considered 
as  made  up  of  metallic  oxides  and  silica,  with  the  latter 
usually  more  or  less  in  excess;  and  the  metallic  oxides  may 
be  credited  to  the  bases,  as  if  uncombined,  leaving  only 
silica  as  the  acid  constituent  of  gangues. 


FLUXING  AND  REDUCING  RCAGBNTS. 

64.  A  list  of  the  various  fluxing  and  reducing  reagents 
used  in  assaying,  with  the  use  and  effect  of  each,  is  here 
given.  This  will  enable  the  student  to  better  understand 
the  mixed  fluxes  described  in  Arts.  78  to  80,  and  will  also 
give  him  some  idea  of  what  additions  to  make  to  his  stock 
flux  in  the  case  of  refractory  ores. 


§  36  ASSAYING  35 

The  principal  fluxes  are  the  bicarbonates  aad  carbonates 
of  soda  and  potash,  borax,  litharge,  silica,  salt,  niter,  and 
metallic  lead  and  iron.  Cyanide  and  ferrocyanide  of  potas- 
sium are  also  used  to  some  extent  in  special  cases. 

65*  Sodium  and  Potassium  Bicarbonates. — Bicar- 
bonate of  soda  is  a  readily  fusible,  basic  flux.  It  also  acts 
as  a  desulphurizer,  and  in  some  cases  as  an  oxidizing  agent. 
Potassium  bicarbonate  is  practically  identical  with  the  sodium 
salts  in  its  physical  properties  and  chemical  reactions,  and 
may  be  substituted  for  it  in  fluxes,  but  the  sodium  bicarbon- 
ate is  more  commonly  used.  The  bicarbonate  should  be 
dried  and  free  from  lumps. 

66.  Sodium  and  Potassium  Carbonates. — These 
are  very  similar  to  the  bicarbonates  in  their  action  and  may 
be  substituted  for  them.  They  are  very  disagreeable  to 
handle,  however,  as  they  absorb  water  from  the  air  and 
hands  with  great  rapidity,  covering  the  hands  and  appa- 
ratus with  a  slimy  solution  of  the  carbonate,  and  they  cake 
into  solid  lumps  if  left  exposed  to  the  air. 

67.  Borax. — Borax  is  a  very  active,  fusible,  acid  flux, 
and  is  a  constituent  of  all  stock  fluxes.  Ordinary  borax  con- 
tains a  large  amount  of  water,  which  is  given  off  very  read- 
ily under  the  influence  of  heat,  causing  the  borax  to  puff 
and  swell,  and  if  used  for  assaying  is  apt  to  overflow  the 
crucible.  The  water  is,  therefore,  previously  removed  from 
the  borax  used  for  assaying,  either  by  calcination  (slow 
heating  at  a  temperature  slightly  higher  than  the  boiling- 
point  of  water)  or  by  fusion  to  a  clear  glass,  in  an  iron  or 
chalk-lined  clay  crucible,  the  melted  borax  being  poured 
upon  a  clean  surface,  and  when  cold  pulverized,  forming 
what  is  known  as  borax  glass.  Borax  glass  is  largely  used 
as  a  **  cover"  for  both  crucible  and  scorifier  assays,  a  little 
being  spread  over  the  top  of  the  assay  before  putting  into 
the  furnace.  This  cover  fuses  before  the  main  charge,  and 
thus  prevents  some  loss  through  volatilization  of  litharge 
and  certain  volatile  gold  and  silver  ores,  and  it  also  aids  in 
starting  the  fusion. 
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68.  Sodium  Cbtlorlde. — Sodium  chloride  (common 
salt)  is  also  quite  commonly  used  as  a  cover  for  crucible 
charges.  Covers  are  not  absolutely  necessary,  but  are 
universally  used. 

69«  Litharge. — Litharge  (yellow  oxide  of  lead)  acts  as 
a  basic  flux  and  an  oxidizing  and  desulphurizing  agent,  and 
by  reduction  to  a  metal  supplies  the  necessary  lead  for  the 
collection  of  the  values  in  gold-silver  crucible  assays.  Lith- 
arge is  never  entirely  free  from  silver,  and  each  new  lot 
should  be  assayed,  in  order  that  the  weight  of  the  silver 
contained  in  the  litharge  of  a  crucible  charge  may  be 
deducted  from  the  weight  of  the  resulting  button,  and  the 
silver  not  credited  to  the  ore.  The  crucible  method  of 
assay — the  same  as  for  oxidized  gold  and  silver  ores — is  used 
for  determining  the  silver  in  the  litharge,  and  the  charge 
taken  is  usually  1  or  2  A.  T. ;  but  the  assayer  will  save  time, 
trouble,  and  the  possibility  of  arithmetical  error  if  he  uses 
for  the  assay  charge  the  same  amount  of  litharge  as  he 
uses  in  the  flux  for  his  gold-silver  assay  charges.  A  good 
charge  for  the  litharge  assay  is:  litharge,  2  A.  T. ;  sodium 
bicarbonate,  1  A.  T. ;  argol,  1  g.  Cover  with  borax,  and 
fuse  as  in  regular  assay  for  gold  and  silver  ores.  Charcoal 
or  flour  may  be  used  instead  of  argol  (see  Art.  76).  If  he 
mixes  his  litharge  with  his  stock  flux,  he  need  only  run 
duplicate  assays  of  the  flux  alone,  using  the  same  amount 
for  the  charge  as  he  mixes  with  his  ore  assays.  A  little 
silica  (sand  or  powdered  glass)  added  to  the  litharge-assay 
charges  will  save  the  crucibles,  which  will  otherwise  be 
corroded  to  furnish  the  necessary  silica  for  the  slag. 

70«  Silica. — It  is  sometimes  necessary  to  add  silica,  in 
the  form  of  sand  or  powdered  glass  (ordinary  window  or 
bottle  glass;  lead  glass  is  to  be  avoided),  to  the  flux  of 
extremely  basic  ores,  in  order  to  save  the  crucibles. 

71.  Niter. — Niter  (sodium  or  potassium  nitrate)  is  a 
basic  flux  and  a  very  powerful  oxidizing  and  desulphurizing 
agent.  Its  use  is,  however,  objectionable  for  various  rea- 
sons.      In   the   first    place,    its   oxidizing    power   must   be 
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determined,  as  the  amount  used  must  be  only  just  sufficient 
to  accomplish  the  purpose  for  which  it  is  added,  any  excess 
tending  to  prevent  the  reduction  of  the  litharge.  This 
determination  involves  two  sets  of  assays.  The  reducing 
power  of  the  stock  flux  must  first  be  tested  by  running 
duplicate  charges  and  weighing  the  resulting  lead  buttons. 
The  amounts  of  flux  and  litharge  in  these  charges  should  be 
the  same  as  are  used  in  a  regular  assay  charge,  the  litharge 
being  somewhat  in  excess  of  the  amount  the  flux  will  reduce 
to  metal.  Next  run  two  similar  charges,  with  the  addition 
of  1  g.  of  niter  to  each.  The  buttons  from  this  assay  will 
be  smaller  than  those  from  the  previous  one,  and  the  differ- 
ence between  the  average  weight  of  the  lead  buttons  from 
the  two  assays — without  and  with  niter — represents  the 
oxidizing  power  of  niter  per  gram.  If  more  than  1  g.  of 
niter  is  used,  the  difference  in  weight  of  the  buttons  will 
have  to  be  divided  by  the  number  of  grams  of  niter  used,  to 
obtain  the  oxidizing  power  per  gram.  After  the  oxidizing 
power  of  the  niter  has  been  determined,  before  it  can  be 
used  in  an  assay  charge  it  is  further  necessary  to  determine 
the  reducing  power  of  the  ore  with  which  it  is  to  be  used,  in 
order  to  know  just  how  mlich  niter  to  add,  and  avoid  excess. 
To  do  this,  make  up  the  following  charge:  ore,  -j^  A.  T. ; 
litharge,  15  g. ;  sodium  bicarbonate  (or  mixed  soda  and 
potassium  bicarbonate),  10  g.  Run  this  charge  like  the 
previous  charges,  and  weigh  the  resulting  button.  The 
button  reduced  by  ^  A.  T.  of  ore  would  be  five  times  as 
heavy;  and  in  an  ordinary  assay  this  weight  would  be  added 
to  that  of  the  button  reduced  by  the  flux  charge.  The 
amount  of  niter  added  should  be  just  sufficient  to  reduce 
the  button  to  the  desired  weight. 

72.  Besides  necessitating  all  the  extra  work,  niter  in 
the  flux  is  troublesome  in  itself.  Its  oxygen  is  given  off 
so  rapidly  as  to  cause  deflagration  and  spitting  of  the  charges 
before  they  commence  to  melt,  and  unless  very  large  cru- 
cibles are  used,  charges  containing  niter  are  almost  certain 
to  boil  over  if  left  unwatched,  as  the  niter  causes  violent 
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boiling  and  effervescence.  Taking  all  these  things  into 
consideration,  most  assayers  prefer  to  use  iron  wire  or  nails 
rather  than  niter  to  prevent  the  reduction  of  sulphur  and 
arsenic  into  the  buttons  from  sulphides  and  arsenides — the 
principal  purpose  for  which  niter  is  used. 

73«     Cyanide  and  Ferrocyanlde  of  Potassium. — 

Potassium  cyanide  is  a  very  powerful  desulphurizing  and 
reducing  flux.  In  lead  flux,  it  is  apt  to  reduce  some  of  the 
more  readily  oxidizable  metals — such  as  bismuth,  tin,  and 
antimony — along  with  the  lead,  causing  a  brittle,  heavy 
button.  It  is  intensely  poisonous,  and  should  be  handled 
with  the  greatest  care,  never  touching  it  with  cracked  or 
sore  hands,  and  grinding  it  in  the  open  air,  with  a  towel 
over  the  top  of  the  mortar.  For  this  reason,  it  is  little  used 
in  assaying.  The  commercial  cyanide  is  used  for  assaying. 
The  ferrocyanide  acts  in  a  similar  manner  in  the  flux, 
though  much  less  powerfully,  and  is  much  safer  to  handle, 
although  care  should  be  exercised  in  its  case  also.  Like 
niter,  both  cyanide  and  ferrocyanide  are  apt  to  cause  boiling 
over,  and  their  place  as  desulphurizers  is  usually  filled  by 
iron  wire  or  nails. 

74.  Iron. — Metallic  iron  is  a  powerful  basic  flux.  Its 
principal  use,  however,  is  in  the  crucible  assay  of  sulphides 
and  arsenide  ores,  to  form  a  matte  with  the  sulphur  and 
arsenic,  and  thus  keep  them  out  of  the  lead  button.  It  is 
usually  used  in  the  shape  of  nails  or  wire  coils;  the  former 
are  more  convenient.  From  two  to  four  nails,  according  to 
the  amount  of  sulphur  in  the  charge,  are  stuck  point 
downwards  into  the  crucible  before  putting  it  into  the  fire. 
As  the  charge  melts,  the  sulphur  rapidly  eats  away  the  iron, 
forming  a  matte  of  iron  sulphide.  If  there  is  much  of  this 
matte,  it  forms  a  distinct  layer  between  the  button  and  the 
slag,  both  before  and  after  pouring.  The  matte  can  be 
readily  distinguished  from  both  slag  and  button  by  its  crys- 
talline structure  and  metallic  luster.  If  any  of  the  nails 
remain  undissolved  in  the  crucible,  they  should  be  removed, 
before  pouring,  by  means  of  the  small  crucible  tongs,  tap- 
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ping  them  lightly  against  the  edge  of  the  crucible,  as  they 
are  withdrawn,  to  shake  off  any  adhering  globules  of  lead. 

75»  Lead. — Metallic  lead  acts  as  a  basic  flux  and  also 
as  a  collector  of  the  precious  metals  in  gold  and  silver  assays. 
Test  lead  (pure,  granulated  lead)  is  the  principal  flux  used 
in  the  scoriflcation  assay.  Sheet  lead  or  lead  foil  is  used 
in  assaying  bullion  (see  Art.  141).  Test  lead,  like  litharge, 
almost  invariably  contains  more  or  less  silver,  and  should  be 
assayed  for  that  metal  and  the  proper  deduction  made  from 
the  results  of  all  silver  assays  in  which  it  is  used.  The  assay 
is  run  exactly  like  an  ordinary  scoriflcation  assay,  adding 
silica  to  the  charge. 

76»  Reducers. — The  principal  reducing  reagents  used 
in  flre  assaying  are  charcoal,  flour,  argol,  cream  of  tartar, 
sugar,  cyanide  and  ferrocyanide  of  potassium,  or  any  car- 
bonaceous substance.  The  flrst  three — charcoal,  flour,  and 
argol — are  the  most  commonly  used.  The  carbon  in  these 
carbonaceous  reagents  burns  to  CO^y  deriving  the  necessary 
oxygen  from  the  reducible  metallic  oxides  in  the  ore  and 
the  litharge  in  the  flux,  and  reducing  them  to  their  respect- 
ive metals.  Sulphur,  arsenic,  and  antimony  in  ores  have  a 
similar  reducing  effect  and  assist  the  reducer  in  the  flux. 
This  fact  should  be  borne  in  mind  in  making  up  the  flux  for 
any  particular  ore.  Powdered  sulphur  is  sometimes,  though 
seldom,  used  as  a  reducing  reagent  in  flux. 


MIXED   FLUXES. 

77.  The  following  are  the  formulas  for  stock  crucible 
fluxes  recommended  by  different  authorities.  These  fluxes 
have  all  been  thoroughly  tested,  and  while  no  one  of  them 
is  suited  t.o  all  ores,  any  of  them  will  flux  the  majority  of 
ores  met  with  in  custom  assay  practice.  Special  fluxes, 
adapted  to  particular  types  of  ores,  are  given  in  Table  I. 
An  assayer  whose  work  is  mainly  confined  to  ores  of  any 
particular  type  or  district  should  experiment  with  various 
fluxes  until  he  finds  the  one  best  suited  to  those  ores  and 
should  then  stick  to  that  as  his  stock  flux. 
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78.  Lead  Fluxes. — The  following  fluxes  are  primarily 
calculated  for  the  fire  assay  of  lead  ores.  They*  are  all  good 
general  fluxes,  however,  and  any  one  may  be  used  as  the 
basis  of  a  gold-silver  crucible  flux,  merely  adding  litharge  : 

No.  1.     Sodium  bicarbonate 4  parts.* 

Potassium  carbonate 4  parts. 

Borax  glass 2  parts. 

Flour 1  part. 

No.  2.     Sodium  bicarbonate 13  parts. 

Potassium  carbonate 10  parts. 

Borax    5  parts. 

Flour 2^  to  4  parts. 

If  the  ore  contains  sulphur,  the  proportion  of  flour  may 
be  reduced,  or  for  heavy  sulphides  the  flour  may  be 
omitted  entirely.  From  1  to  4  tenpenny  nails  should  be 
added  to  the  charge  for  a  sulphide  before  the  salt  or  borax 
cover. 

79.  Gold  and  Silver  Crucible  Fluxes. — Most  of 
the  gold-silver  crucible  fluxes  are  merely  lead  fluxes  to  which 
litharge  has  been  added.  The  amount  of  litharge  added 
should  be  sufficient  to  give  a  lead  button  weighing  about 
15  g.  from  a  ^-A.-T.  assay.  As  a  general  rule,  from  20  g. 
to  1  A.  T.  of  litharge  are  added  to  a  ^-A.-T.  assay  charge. 
Any  unreduced  litharge  goes  into  slag,  and  is  a  splendid 
flux.  If  a  large  amount  of  litharge  is  used,  the  reducing 
power  of  the  charge  must  be  kept  down,  so  that  too  large  a 
lead  button  will  not  be  reduced.  A  good  charge  to  use  is 
20  g.  of  litharge,  as  there  is  only  a  slight  excess  of  litharge 
over  the  amount  necessary  to  produce  a  15-g.  button,  and 
unless  the  ore  contains  lead,  the  button  can  not  run  much 
too  heavy.  A  charge  of  17  g.  of  litharge  gives  a  button 
weighing  slightly  over  15  g. — the  usual  charge  of  lead  flux 
(without  litharge)  for  a  ^-A.-T.  assay  is  about  30  g. ;  there- 
fore, if  the  litharge  is  to  be  mixed  with  the  flux  in  bulk,  the 


*  In  all  the  fluxes  given  in  this  Paper,  the  proportions  of  the  constit- 
uents are  given  in  parts  by  weight. 
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proportion  of  litharge  to  lead  flux  is  made  about  2  to  3, 
which  is  equivalent  to  10  pounds  of  litharge  in  25  pounds  of 
mixed  flux.  If  a  10-g.  crucible  be  filled  about  two-thirds 
full  of  this  mixed  flux — which  is  about  the  amount  com- 
monly used  in  ^^-A.-T.  crucible  assays — and  run,  the  result- 
ing button  of  lead  will  weigh  approximately  15  g. — the 
desired  weight.  The  following  flux  is  practically  lead  flux 
No.  2,  with  litharge  added  in  the  above  proportion: 

No.  3.     Sodium  bicarbonate 5  parts. 

Potassium  carbonate 4  parts. 

Borax 2  parts. 

Flour 1  part. 

Litharge 8  parts. 

80.  Flux  No.  3  is  a  typical  general  flux  for  oxidized 
ores.  For  sulphides,  the  flour  may  be  omitted  and  from 
1  to  4  nails  added,  according  to  the  amount  and  nature  of  the 
sulphides.  In  this  flux  and  similar  fluxes,  the  amount  of 
litharge  is  kept  as  low  as  is  consistent  with  the  formation  of 
a  lead  button  of  convenient  size  for  cupellation. 

Another  class  of  fluxes  less  used  employs  a  large  excess 
of  litharge,  using  it  largely  as  a  flux  as  well  as  an  agent  for 
collecting  the  precious  metals  in  the  charge.  These  fluxes 
belong  to  what  Brown,  in  his  **  Manual  of  Assaying,"  calls 
the  *' litharge  process."  Fluxes  Nos.  4  and  5  are  types  of 
this  class. 

No.  4.     Sodium  bicarbonate 1  part. 

Borax  glass 1  part. 

Litharge 5  parts. 

Ore 1  part. 

To  this  charge  sufficient  reducer  (or  niter,  if  the  ore  is 
itself  strongly  reducing)  is  added  to  bring  down  a  button  of 
convenient  size  for  cupellation,  and  a  cover  of  salt  is  put 
on.  (For  reducing  power  of  the  various  reducers,  see 
Table  II.)  The  oxidizing  or  reducing  power  of  the  ore 
should  be  determined  by  a  preliminary  assay,  adding  a 
measured  quantity  of  reducer  (^  g.  of  charcoal  or  1  g.  flour, 
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for  example)  if  the  ore  is  known  to  be  oxidizing,  or  even  if 
there  is  any  probability  of  its  being  oxidizing.  The  differ- 
ence between  the  weight  of  the  button  and  the  weight  of 
lead  that  would  be  reduced  by  the  reducer  alone  represents 
the  oxidizing  power  of  the  ore,  if  the  button  is  lighter  than 
the  reducer  button;  if  it  is  heavier,  the  difference  repre* 
sents  the  reducing  power  of  the  ore.  For  this  assay,  the 
charge  given  in  Art.  71  may  be  used,  or  -^  A.  T.  of  ore 
may  be  run  down  with  1^  or  2  A.  T.  of  flux  No.  4,  covering 
the  charge  thickly  with  salt. 

The  great  excess  of  litharge  in  this  flux  renders  it  highly 
corrosive  in  its  effect  on  the  crucibles,  unless  a  large  quan- 
tity of  silica  is  added.  Another  flux  of  the  same  class,  more 
commonly  used,  approaches  more  nearly  the  proportions 
used  in  fluxes  of  the  first  class  and  largely  overcomes  this 
objection.     It  is  made  up  as  follows: 

No.  5.     Sodium  bicarbonate 3  parts. 

Litharge 5  parts. 

Borax 2  parts. 

Reducer  or  oxidizer,  as  in  No.  4.  Salt  cover. 

81.  The  accompanying  table  (Table  I)  of  crucible 
charges  for  gold  and  silver  ores,  covering  both  general  and 
special  cases,  is  taken,  with  a  few  unimportant  changes, 
from  Furman's  '*  Manual  of  Practical  Assaying."  The 
figures  in  column  4  (grams  of  lead  flux)  refer  more  particu- 
larly to  lead  flux  No.  1,  but  will  answer  just  as  well  for 
No.  2  or  any  similar  lead  flux.  It  will  be  observed  that  the 
lead  flux  forms  the  base  of  nearly  all  the  charges.  A  large 
excess  of  litharge  is  necessary  with  tellurides  in  order  to 
oxidize  the  tellurium,  which  will  otherwise  be  reduced  and 
make  the  button  brittle. 

82.  Table  II  gives  the  approximate  reducing  power  of 
such  reducing  reagents  as  are  commonly  used  in  assaying, 
in  terms  of  the  number  of  parts  of  lead  reduced  from 
litharge  by  1  part  of  the  reducer.  These  figures  are,  how- 
ever, only  approximate^  and  should  not  be  used  in  the  deter- 
mination of  the  oxidizing  or  reducing  power  of  an  ore  or  a 
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reagent.  For  this  purpose  a  test  assay  of  the  reducer  should 
always  be  run,  following  the  method  given  for  determining 
the  reducing  power  of  ores  (Art.  71)  and  using  from  i  g. 
to  2  g.  of  the  reducer  in  place  of  the  ore  charge.  For  the 
calculation  of  general  charges,  however,  they  are  sufficiently 
close. 

TABLE   II. 

Approximate  Reducing  Power  op  Reducing  Agents  (in  Terms  of 

Parts  op  Metallic  Lead  Reduced  from  Litharge 

BY  1  Part  of  the  Reducer). 


1  part  of 

cAarcoa/ 

will  reduce  22  to  82 

parts  of  lead. 

1  part  of 

hard  coal 

will  reduce       25 

parts  of  lead. 

1  part  of 

coke 

will  reduce       24 

parts  of  lead. 

1  part  of 

soft  coal 

will  reduce       22 

parts  of  lead. 

1  part  of 

wheat  flour 

will  reduce       15 

parts  of  lead. 

1  part  of 

white  sugar 

will  reduce       14| 

parts  of  lead. 

1  part  of 

starch 

will  reduce  Hi  to  18  parts  of  lead. 

1  part  of 

gum  arable 

will  reduce       11 

parts  of  lead. 

1  part  of 

crude  argol 

will  reduce  5|  to  8^  parts  of  lead. 

1  part  of 

cream  of  tartar  will  reduce  4^  to  Gi  parts  of  lead. 

GOLD  AND  SILVER  ASSAY. 

83.  There  are  two  general  methods  in  use  for  the  fire 
assay  of  gold  and  silver  ores :  scorification  and  the  crucible^ 
or  fusion^  assay.  With  most  ores,  either  method  will  give 
accurate  results;  but  certain  classes  of  ore  may  work  better 
by  one  method  than  by  the  other,  either  in  point  of  accu- 
racy or  of  convenience,  or  both.  For  example,  sulphides, 
tellurides,  and  ores  carrying  much  arsenic  and  antimony 
can  be  worked  much  more  conveniently,  and  frequently 
somewhat  more  accurately,  by  scorification  than  by  the 
crucible  process,  for  the  reason  that  sulphur,  tellurium, 
arsenic,  and  antimony,  in  the  crucible  assay,  unless  spe- 
cially provided  for,  are  apt  to  be  reduced  along  with  the 
lead  and  make  the  button  brittle.  The  difficulties  attendant 
on  the  oxidation  of  sulphur,  etc.,  by  means  of  niter  have 
been  mentioned  in  the  discussion  of  fluxes.  If  they  are 
brought  into  a  matte  by  the  use  of  iron  (nails),  the  matte 
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and  button  have  to  be  scorified  together  to  get  rid  of  the 
undesirable  elements.  The  matte  is  brittle,  and  a  little  of 
it  is  almost  certain  to  fly  off  and  get  lost  when  separating 
it  from  the  slag,  and  if  the  ore  is  rich  this  will  cause  more 
or  less  loss.  In  the  scorification  assay,  on  the  other  hand, 
the  entire  operation  is  one  of  oxidation,  and  sulphur, 
arsenic,  etc.,  are  volatilized  and  pass  off  in  fumes.  The 
scorification  assay  also  gives  slightly  higher  results  than 
the  crucible  assay  on  most  silver  ores. 

84«  For  assaying  low-grade  gold  ores  (for  assaying  pur- 
poses, ores  carrying  over  15  in  gold  per  ton  may  be  con- 
sidered as  high  grade  and  those  less  than  15  as  low  grade), 
the  crucible  process  is  generally  used,  as  the  button  from  a 
scorifier  charge  {^^  A.  T. )  is  so  small  as  to  be  difficult  to 
handle  and  weigh,  and  any  error  in  its  weight  represents 
five  times  as  much  in  the  final  calculations  as  the  same  error 
in  the  weight  of  the  button  from  a  ^-A.-T.  crucible  charge. 
This  difficulty  may  be  avoided  by  running  a  number  of 
scorifier  charges  and  combining  the  gold  buttons,  but  this 
involves  considerable  extra  work  and  expense. 

In  using  nails  to  decompose  sulphide  ores,  the  button  can 
often  be  rendered  soft  and  the  matte  gotten  rid  of  by 
removing  the  nails  about  ten  minutes  before  the  crucibles 
are  taken  from  the  furnace,  and  then  raising  the  heat  so  as 
to  render  the  slag  thoroughly  fusible  and  to  as  far  as  possi- 
ble decompose  the  matte  at  the  expense  of  the  oxides  in 
the  slag.  If  but  a  small  amount  of  matte  were  formed,  this 
method  will  usually  decompose  it  and  carry  the  gold  and 
silver  all  into  the  lead.  In  some  cases,  it  is  necessary  to  add 
some  excess  of  litharge  to  the  flux.  The  litharge  will  first 
pass  into  the  slag,  and  later  during  the  decomposition  of  the 
matte  the  lead  will  pass  into  the  button  and  the  matte 
become  oxidized  and  its  iron  and  copper  constituents  pass 
into  slag.  If  care  is  taken  in  proportioning  the  charge  and 
too  great  an  amount  of  reducer  is  not  added,  it  is  usually 
possible  to  obtain  a  lead  button  of  about  the  desired 
weight;  for  the  sulphur  will  first  pass  into  the  matte  and 
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subsequently  act  as  a  reducer  on  a  portion  of  the  litharge  in 
the  charge,  thus  bringing  the  button  to  about  the  right  size. 


SCORIFICATION   ASSAY. 

85.  The  ordinary  ore  charge  for  the  scorification  assay 
is  ^  A.  T.  in  2^^  or  2^  inch  scorifiers.  Occasionally 
^jf  A.  T.  is  used.  The  principal  fluxes  are  test  lead  and 
borax  glass.  Litharge,  and  occasionally  soda  and  niter,  are 
used  in  special  cases  as  covers.  Silica  added  to  the  charge 
for  a  basic  ore  will  save  the  scorifier.  Table  III  is  a  table 
of  scorifier  charges  for  various  ores,  recommended  by  Fur- 
man.  The  charges  are  figured  on  a  basis  of  a  y^-A.-T.  ore 
charge. 

86.  About  half  of  the  test  lead  is  put  in  the  scorifier. 
(The  lead  need  not  be  weighed,  but  may  be  measured  witli 
sufficient  accuracy  by  a  shot  measure  or  small  crucible,  the 
capacity  of  which  is  known.)  The  ore  charge  is  then 
weighed  out  and  brushed  in  on  top  of  this,  and  they  are 
thoroughly  mixed  with  a  small  spatula.  The  remainder  of 
the  lead  is  now  put  on  as  a  cover,  and  the  borax  glass  on 
top  of  this.  The  borax  may  be  added  by  measure  or  by 
pinches,  a  little  practice  enabling  the  assayer  to  guess  suffi- 
ciently close  to  the  correct  weight.  Duplicate  charges  are 
always  run,  to  prevent  the  possibility  of  errors  from  care- 
lessness or  accident  going  undetected.  If  the  two  buttons 
do  not  check  very  closely,  the  assay  should  be  repeated. 

87.  The  scorifiers  are  now  charged  into  the  hot  muffle, 
and  the  door  is  closed  and  kept  closed  until  the  charge  melts 
down  and  active  scorification  commences,  when  it  is  opened 
to  admit  a  plentiful  supply  of  air.  The  surface  of  the 
charge  now  displays  a  clean,  mirror-like  surface  of  glowing, 
molten  lead,  with  a  narrow  ring  of  slag  around  the  sides  of 
the  scorifier.  This  slag  is  formed  by  the  fusion  of  the  gangue 
of  the  ore  with  the  borax  and  the  litharge  formed  by  the 
oxidation  of  the  melted  lead  in  the  current  of  air  flowing 
through  the  muffle. 
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After  the  door  is  opened,  oxidation  goes  on  more  rapidly 
than  before.  Sulphur,  arsenic,  etc.,  are  oxidized  by  the 
action  of  the  litharge  and  of  the  air-current,  and  the  fumes 
pass  off  through  the  opening  in  the  rear  of  the  muffle.  Any 
metallic  gold  or  silver  in  the  ore  is  immediately  dissolved  by 
the  lead  as  it  sinks  through  the  charge.  Compounds  of  gold 
or  silver  with  other  elements — sulphides,  tellurides,  etc. — 
are  broken  up  by  the  action  of  the  litharge,  the  gold  or 
silver  and  the  lead  being  reduced  to  metals  and  sinking 
together  into  the  button,  while  the  oxygen  of  the  litharge 
converts  the  sulphur,  etc.,  into  gaseous  oxides,  which  pass 
off  through  the  back  of  the  muffle. 

88.  As  the  oxidation  progresses,  the  slag  ring  gradu- 
ally spreads  inwards  towards  the  center,  until  it  finally  closes 
over  the  top  of  the  lead  button,  preventing  further  oxida- 
tion. This  marks  the  end  of  the  scorification.  The  door  is 
now  closed  for  a  few  minutes  and  the  heat  raised,  to  make 
the  slag  thoroughly  liquid ;  the  scorifier  is  then  removed, 
tapped  lightly  on  the  ledge  of  the  furnace,  to  settle  any 
suspended  shots  of  lead,  and  the  contents  poured  into  a 
mold.  The  mold  should  be  warmed  beforehand,  or  the  sud- 
den chilling  may  cause  the  slag  to  break  up  before  the  lead 
has  solidified  and  thus  spatter  the  button;  some  of  the  lead, 
too,  is  apt  to  chill  in  small  shots  instead  of  going  into  the 
button.  The  slag  should  be  clean,  liquid,  and  glassy,  and 
the  lead  should  all  be  collected  in  one  button  at  the  bottom 
and  not  scattered  in  shots  through  the  slag.  This  button 
should  be  soft  and  malleable. 

89.  As  soon  as  the  assay  is  cool,  the  button  may  be 
separated  from  the  slag  by  a  few  blows  with  a  hammer  and 
then  beaten  into  the  form  of  a  cube,  to  make  it  easy  to 
handle  with  the  cupel  tongs  when  placing  it  into  the  cupel. 
Brown  recommends  flattening  the  sharp  corners  of  the  cube 
by  light  blows  of  the  hammer,  to  prevent  their  injuring  the 
cupel  when  dropped  into  it.  The  buttons  are  now  ready 
for  cupellation,  provided  they  are  not  too  large.  The  cubes 
should   be  about  \  inch  on  a  side — this   size   button   will 
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weigh  about  15  grams.  If  much  larger  than  this,  or  brittle, 
they  should  be  rescorified  with  borax  glass  and  a  little  more 
lead,  if  necessary,  and  this  should  be  repeated  until  they 
are  of  the  proper  size  and  purity.  The  loss  of  precious  metals 
is  less  by  this  method  than  if  a  large  button  is  cupelled 
directly,  as  the  only  loss  in  scorification  worth  mentioning 
is  through  volatilization,  and  is  very  small,  while  in  cupella- 
tion  the  principal  loss  is  through  silver  being  carried  into 
the  cupel  by  the  litharge,  in  addition  to  which  we  have  a 
loss  from  volatilization  nearly  or  quite  as  large  as  that  in 
scorification. 

QO.  Cupelling. — For  cupellation,  the  muffle  should  be 
heated  to  a  good  red  heat.  The  empty  cupels  are  then  set 
in  the  muffle,  arranged  in  the  proper  order  for  receiving  the 
buttons,  and  allowed  to  come  to  the  heat  of  the  muffle. 
When  the  cupels  have  all  reached  the  proper  temperature, 
the  buttons  are  gently  placed  in  their  proper  cupels,  and 
the  door  is  then  closed  for  a  few  minutes  to  melt  the  but- 
tons down  rapidly  and  **open"  the  cupels.  The  buttons 
melt  almost  immediately  and  sink  down  into  the  bowls  of 
the  cupels.  The  surface  of  the  melted  lead  is  at  first  cov- 
ered with  a  film  of  dirt,  slag,  and  oxide;  but  if  the  heat  is 
correct  and  the  button  is  comparatively  free  from  serious 
impurities,  this  will  soon  break  up  and  disappear,  and  when 
the  muffle  door  is  again  opened,  the  surface  of  the  lead  in 
the  cupels  will  be  glowing  brightly  and  giving  off  fumes  of 
lead  oxide.  If  the  buttons  refuse  to  open,  place  a  little 
coke,  charcoal,  or  a  small  piece  of  wood  in  the  front  of  the 
muffle  and  close  the  door.  The  gases  from  the  coke  or 
charcoal  will  usually  decompose  the  film,  and  as  soon  as  the 
buttons  are  open,  the  door  may  be  opened  and  the  coke  or 
charcoal  drawn,  and  cupellation  will  usually  proceed  all 
right.  A  small  fragment  of  charcoal  placed  in  the  cupel 
will  accomplish  the  same  result,  but  it  is  apt  to  cause  a 
slight  loss  from  ** spitting." 

91.  The  heat  of  the  muffle  during  the  cupellation  of  the 
button  from  high-grade  silver  ores  is  of  great  importance, 
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as  silver  is  somewhat  volatile,  and  the  loss  from  volatiliza- 
tion is  greatly  increased  by  cupelling  at  a  high  heat.  With 
gold  ores,  the  heat  is  less  important,  as  the  loss  of  gold  from 
volatilization  is  practically  nothing.  As  a  general  rule, 
however,  do  not  carry  the  temperature  of  the  muffle  beyond  a 
good^  strongy  red  heat  ivhile  cupelling^  and  for  ores  rich  in 
silver  keep  the  heat  down  as  low  as  possible  without  risk  of 
^^ freezing''  the  buttons.  With  the  proper  heat,  the  cupel  is 
red,  and  the  lead  inside  is  distinct  and  glows  strongly,  the 
fumes  rise  plentifully,  and  towards  the  end  of  the  operation, 
"feathers"  or  crystals  of  litharge  gather  around  the  sides 
of  the  cupel. 

92.  If  the  heat  is  too  high,  the  cupel  appears  white  hot 
and  glowing  and  the  lead  button  is  scarcely  visible,  while 
the  fumes  are  very  thin  and  rise  rapidly  to  the  top  of  the 
muffle,  and  the  lead  may  even  boil.  On  the  other  hand,  if 
the  heat  is  too  low,  the  fumes  will  be  dense  and  heavy  and 
sink  to  the  bottom  of  the  muffle;  the  litharge  will  form  on 
the  surface  of  the  lead^  too  thick  to  absorb  properly  and 
not  hot  enough  to  volatilize,  and  with  a  tendency  to  crystal- 
lize or  freeze  over  the  surface  of  the  lead. 

93.  In  case  the  buttons  do  freeze,  they  may  be  reopened 
by  employing  the  schemes  given  in  Art.  90  for  opening  the 
cupels  at  first  and  raising  the  heat.  The  results  from  a 
button  that  has  been  frozen  and  then  reopened  are  never 
thoroughly  trustworthy,  however,  as  the  reopening  usually 
volatilizes  considerable  silver.  Care  should  therefore  be 
taken  to  prevent  freezing,  and  if  the  buttons  show  the  least 
sign  of  it,  the  door  should  be  closed  and  the  heat  raised 
until  they  are  out  of  danger. 

94.  As  the  cupellation  progresses,  the  litharge  formed 
by  the  action  of  the  air  on  the  lead  is  partly  absorbed  by 
the  cupel,  and  the  remainder  is  volatilized  and  passes  off  in 
fumes.  The  button  gradually  dwindles  down  until  the  last 
of  the  lead  is  finally  driven  off,  leaving  the  pure  gold  and 
silver  behind  in  a  small  bead.  Just  before  the  last  of  the 
lead  is  expelled,  if  the  button  is  watched,  rainbow  colors  will 
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be  observed  to  play  over  the  surface,  arising  from  a  film  of 
melted  litharge  over  the  gold  and  silver  bead,  and  the  but- 
ton appears  to  spin  rapidly  around.  As  the  last  of  the  lead 
leaves,  the  bead  will  brighten  and  glow  brilliantly  for  an 
instant;  then  a  film  closes  over  it,  and  the  cupellation  is 
completed.  This  brightening  of  the  button  at  the  end  of 
the  cupellation  is  known  as  **  brightening,"  **  blinking,"  or 
**  flashing."  Just  before  the  button  brightens,  the  tempera- 
ture should  be  raised  somewhat,  to  make  sure  of  expelling 
the  last  traces  of  lead.  This  is  usually  accomplished  by 
pushing  the  cupel  back  into  the  hotter  part  of  the  muffle 
and  leaving  it  there  for  two  or  three  minutes  after  **  blink- 
ing. "  If  this  precaution  is  not  taken,  a  little  lead  is  apt  to 
remain  in  the  button  and  be  credited  as  silver. 

95.  The  cupel  may  now  be  removed  from  the  furnace 
and  the  button  cooled  and  weighed.  Buttons  of  nearly  pure 
silver,  especially  when  quite  large,  are  apt  to  **spit"  or 
**sprout"  if  cooled  suddenly  by  drawing  directly  from  the 
hot  muffle  into  the  open  air.  The  liquid  silver  on  the  inside 
of  the  button  bursts  through  the  thin  shell  of  solidified  metal 
around  it,  sometimes  forming  very  beautiful  effervescences, 
and  frequently  throwing  fine  particles  of  silver  some  dis- 
tance from  the  button.  To  prevent  this,  cover  the  cupel 
in  the  furnace  with  a  hot,  empty  cupel  and  withdraw 
gradually  from  the  hot  part  of  the  muffle  to  the  front,  and 
after  it  has  cooled  down  to  the  temperature  of  the  front  of 
the  muffle,  take  it  out,  still  with  the  covering  cupel  on,  and 
allow  it  to  cool  for  some  time  before  removing  the  cover. 
The  results  from  a  sprouted  button  should  never  be  accepted, 
as  there  is  almost  certain  to  have  been  some  loss  in  sprout- 
ing. 

96.  A  good  cupel  will  efficiently  absorb  just  about  its 
own  weight  of  litharge.  As  a  considerable  part  of  the  lith- 
arge from  the  oxidation  of  the  lead  buttons  passes  off  in 
fumes,  a  cupel  may  be  safely  used  for  a  button  somewhat 
heavier  than  itself.  It  is  much  better,  however,  to  have  the 
cupel  about  a  quarter  or  a  half  heavier  than  the  button,  as 
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a  cupel  nearly  saturated  with  litharge  absorbs  any  additional 
litharge  more  and  more  slowly,  and  absorption  may  even 
cease  entirely — even  with  some  untouched  bone-ash  at  the 
bottom  of  the  cupel — just  at  the  time  when  absorption 
should,  if  anything,  be  most  rapid.  The  bowl  of  the  cupel 
will  usually  hold  more  lead  than  the  cupel  will  efficiently 
absorb.  If  a  large  button  is  being  cupelled,  and  it  is  seen 
that  the  cupel  will  have  difficulty  in  absorbing  all  the  lith- 
arge, a  second  hot  cupel  may  be  inverted,  and  the  cupel 
containing  the  button  set  upon  this;  cupellation  will  then 
proceed,  though  somewhat  slowly,  the  excess  of  litharge 
passing  into  the  lower  cupel.  It  is  much  better,  however,  to 
reduce  lead  buttons  to  the  proper  size  by  scorification  and 
not  take  any  risks. 

97.  Weighing  the  Buttons. — As  soon  as  the  cupels 
are  cool,  the  buttons  may  be  removed  and  weighed.  For 
handling  the  small  gold 
and  silver  buttons,  a  small 
pair  of  pincers  are  neces- 
sary, the  sharp-nosed  style 
shown  in  Fig.  22  being 
preferable.     The  button  is  ^'®-  ^• 

grasped  firmly  with  these  and  pulled  loose  from  the  cupel. 
Any  litharge-soaked  bone-ash  adhering  to  the  bottom  of 
the  button  is  brushed  off  with  a  stiff  tooth-brush  or  with  a 
small,  cylindrical,  double-ended  button  brush  made  espe- 
cially for  this  purpose,  but  which  is  hardly  as  handy  as  the 
tooth-brush. 

98.  Before  starting  to  weigh,  the  button  balance  must 
be  carefully  leveled  up  and  adjusted.  The  scale-pans  are 
first  removed  (use  the  weight  forceps  for  this  purpose ;  the 
pans  of  the  button  balance  must  never  be  handled  with  the 
fingers),  turned  upside  down,  and  shaken  by  tapping  the 
back  of  the  forceps,  to  shake  out  any  dust  or  traces  of  gold 
left  from  previous  weighings,  and  then  replaced  in  their 
hangers.  Then,  having  adjusted  the  balance,  place  the  but- 
ton to  be  weighed  in  one  pan ;  sufficient  weights  are  placed 
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in  the  other  pan  to  balance  the  button  within  the  limit  of 
the  smallest  weight  of  the  set,  and  the  balancing  is  finally 
completed  with  the  rider  (or  if  the  button  weighs  less  than 
the  smallest  weight  of  the  set,  the  balancing  is  done  entirely 
with  the  rider). 

99.  Having  found  the  weight  of  one  button,  mark  it 
down,  and  leaving  the  weights  in  the  pan,  remove  the  but- 
ton which  has  been  weighed,  clean  the  duplicate  button,  and 
place  it  in  the  pan  which  formerly  contained  the  one  already 
weighed.  If  the  buttons  are  of  equal  weight,  the  second 
one  will  exactly  balance  the  weights  already  in  the  pan;  if 
not,  the  difference  can  be  made  up  by  shifting  the  rider  or 
with  the  use  of  small  weights,  but,  as  a  rule,  a  difference  of 
as  much  as  1  mg.  is  altogether  too  much  unless  the  ore  is 
extremely  high  grade  in  silver  or  gold.  For  example,  sup- 
pose an  assayer  wishes  to  weigh  two  duplicate  buttons.  The 
balance  is  in  accurate  adjustment,  the  beam  on  each  side  is 
divided  into  fiftieths,  and  he  is  using  a  1-mg.  rider.  The 
first  button  is  placed  in  the  left-hand  pan,  and  he  finds  that 
by  placing  his  10-mg.,  5-mg.,  and  two  2-mg.  weights  in 
the  other  pan,  he  slightly  overbalances  the  button,  while  if 
he  replaces  one  of  the  2-mg.  weights  by  his  1-mg.  weight, 
the  button  side  is  heavier.  Hence  the  weight  of  the  button 
must  lie  between  18  and  19  mg.  Leaving  the  18  mg.  in 
the  pan  and  using  the  rider  on  the  right-hand  side,  he  finds 
that  he  must  move  it  out  32  divisions  to  exactly  balance  the 
weight  of  the  button;  hence  he  must  add  U  mg.  or. 64  mg. 
to  the  sum  of  the  weights  in  the  right-hand  pan  toobtain 
the  weight  of  the  button ;  consequently  button  No.  1  weighs 
18.64  mg.  The  same  result  would  be  obtained  by  leaving 
the  19  mg.  weights  in  the  right-hand  pan  and  moving  out 
the  left-hand  rider  till  the  beam  balanced,  which  it  would  do 
in  this  case  with  the  rider  at  18  divisions,  and  subtracting 
from  19  mg.  the  amount  indicated  by  the  rider,  thus 

19  —  .36  =  18.64  mg. 

As  a  rule,  it  is  best  to  have  all  the  weights  come  as  addi- 
tions; that  is,  if  the  button  is  in  the  left-hand  pan,  it  should 
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not  be  quite  balanced  by  means  of  the  weights,  so  that  the 
weight  indicated  by  the  rider  will  always  be  added,  as  this 
may  avoid  mistakes.     Having   obtained  and  recorded  the 
weight  of  the  first  button,  both  by  reading  the  weights  in 
the  pan  and  that  indicated  by  the  rider  and  the  weight  indi- 
cated by  the  empty  spaces  in  the  weight  box  and  the  rider, 
the  operator  next  removes  the  button  and  cleans  its  dupli- 
cate and  places  it  in  the  left-hand  pan,  and  finds  upon  test- 
ing the  balances  that  No.  2  is  somewhat  heavier  than  No.  1. 
In  other  words,  it  overbalances  the  weight,  and  hence  to 
balance  it  he  moves  the  right-hand  rider  out  slightly.     He 
finds  that  by  moving  it  out  7  divisions  from  the  point  it  for- 
merly occupied,  the  weight  is  exactly  balanced ;  hence  the 
weight  of  the  second  button  is  18  +  H^,  or  18.78  mg.     Both 
buttons  are  then  dumped  into  their  parting  capsules,  the 
rider  is  returned  to  its  place  and  the  weights  to  the  weight 
box,  and  the  assayer  is  ready  to  weigh  the  next  set  of  buttons. 
Some  operators  prefer  to  balance  the  buttons  against  each 
other,  and  finding  the  difference  by  means  of  the  rider,  add 
or  subtract  it  from  the  weight  of  the  first  button  to  obtain 
the  weight  of  the  second  button;  but  both  this  system  and 
the  use  of  the  rider  on  the  opposite  side  of  the  scale-beam 
from  that  on  which  the  weights  are  placed  are  more  or  less 
confusing  where  rapid  work  is  required.     As  it  is  no  uncom- 
mon thing  for  the  gold-silver  assayer  in  a  large  works  to  be 
required  to  run  from  30  to  40  samples  a  day,  accurately 
determining  both  the  gold  and  silver  contents  of  each,  it  is 
evident  that  he  must  so  systematize  his  work  that  every- 
thing will  be  read  as  directly  and  systematically  as  possible. 
In   other  words,  if  the  weights  are  all  additions  there  is 
never  any  danger  of  making  mistakes,  while  if  some  of  the 
weights  are  obtained  by  addition  and  some  by  subtraction, 
there  is  always  a  possibility  of  error. 

lOO.  Parting. — The  buttons  from  the  cupellation  con- 
tain both  the  gold  and  the  silver  in  the  ore.  To  determine 
the  exact  amount  of  each,  the  buttons  must  be  treated  with 
dilute  nitric  acid,  which  dissolves  the  silver  and  leaves  the 
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gold  behind  as  a  black  spongy  mass  or  powder,  which 
assume's  its  characteristic  yellow  color  on  heating.  This 
operation  is  called  *' parting."  The  gold  thus  obtained  is 
weighed  up,  and  its  weight,  subtracted  from  the  weight  of 
the  gold-silver  buttons,  gives  the  weight  of  silver  in  the  ore. 
Duplicate  buttons,  unless  very  large  and  containing  a  con- 
siderable proportion  of  gold,  may  be  parted  together,  in 
order  to  get  a  larger  amount  of  gold  to  weigh  and  thus 
reduce  the  liability  of  error. 

lOl.  The  operation  of  parting,  in  detail,  is  as  follows: 
The  buttons,  if  of  any  size,  and  particularly  when  contain- 
ing much  gold,  are  first  flattened  in  a  diamond  mortar  or 
by  a  blow  of  the  hammer  on  an  anvil,  in  order  to  expose  as 
much  surface  as  possible  to  the  action  of  the  acid.  They 
are  then  replaced  in  a  capsule,  which  is  next  filled  about 
half  full  with  dilute  nitric  acid  of  about  1.2  Sp.  Gr.  (made 
by  mixing  equal  parts  of  strong  chemically  pure  nitric  acid 
and  distilled  water),  and  placed  on  an  iron  plate  or  piece  of 
asbestos,  or  in  a  platinum  triangle,  over  a  Bunsen  burner  or 
alcohol  flame.  If  there  is  enough  silver  in  the  button,  it 
will  at  once  commence  to  dissolve;  if  not,  the  acid  will  not 
attack  it,  and  it  will  require  to  be  first  **inquarted"  (see 
Art.  105).  Assuming  that  there  is  a  sufficient  proportion 
of  silver,  the  button  will  rapidly  dissolve,  the  heat  not  being 
allowed  to  reach  the  boiling-point  until  all  action  has  ceased 
and  the  solution  has  become  colorless.  If  there  is  no  gold 
in  the  buttons,  they  will  not  blacken  on  adding  the  acid, 
and  will  dissolve  completely,  leaving  no  residue,  and  the 
parting  may  be  stopped  at  this  point  and  the  ore  reported 
as  containing  no  gold. 

If,  however,  the  button  blackens  on  adding  the  acid,  and 
a  black,  spongy  residue,  or  even  a  small  black  speck  is 
left  on  the  bottom  of  the  capsule  or  floating  around  in  the 
solution  after  action  has  ceased,  the  solution  is  brought  to  a 
boil  for  a  minute;  the  capsule  is  then  removed  from  the 
heat,  and  the  gold,  if  it  has  broken  up,  should  be  collected 
by  gently  tapping  the  side  of  the  capsule  and  giving  it  a 
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rotary  motion.  Very  small  particles  of  gold  may  become 
enveloped  in  a  film  of  air,  and  thus  buoyed  will  float 
around  on  the  surface  of  the  acid  solution,  and  refuse 
to  be  sunk  by  tapping  the  crucible.  In  such  a  case, 
"churn"  or  stir  the  contents  of  the  capsule  vigorously  with 
a  glass  rod;  this  will  collect  the  floating  particles,  and 
they  may  then  be  sunk  by  tapping.  All  black  particles  in 
the  capsule  must  be  assumed  to  be  gold  until  proved  other- 
wise, and  if  any  black  specks  show,  the  parting  should  be 
continued  through  to  the  end,  even  if  there  is  good  reason 
to  suspect  that  the  specks  are  dirt.  A  little  extra  work  is 
many  times  preferable  to  false  assay  returns. 

102.  Having  gotten  all  the  gold  together  at  the  bottom 
of  the  capsule,  pour  off  the  acid  very  carefully  (preferably 
into  another  porcelain  crucible,  so  that  any  gold  which 
might  escape  through  accident  may  be  seen  and  recovered), 
using  a  glass  rod  to  guide  the  streams  and  keep  it  from  run- 
ning back  down  the  outside  of  the  capsule.  Then  add  fresh 
acid,*  and  boil  for  about  three  minutes.  This  removes  prac- 
tically the  last  traces  of  silver.  The  gold  is  collected  as 
before,  the  acid  poured  off,  and  the  gold  washed  three  times 
with  hot  water.  The  washing  is  done  by  filling  the  capsules 
with  water,  allowing  the  gold  to  settle,  and  then  pouring 
the  water  off  very  carefully.  Remove  the  last  drops  of 
water  with  a  strip  of  blotting-paper,  being  very  careful  not 
to  take  up  any  of  the  gold.  Then  heat  for  a  moment  over  a 
Bunsen  burner,  to  drive  off  the  last  of  the  water,  and  finally 
place  in  the  muffle  or  over  the  blast-lamp  and  bring  to  a 
good  red  heat.  The  gold  will  have  assumed  its  natural  yel- 
low color,  organic  matter  will  have  been  burned  off,  and  by 
the  aid  of  a  magnifying-glass  any  impurities  can  be  readily 
distinguished.     This  heating  is  called  ** annealing." 

The  annealed  gold  sticks  together  and  can  be  transferred 

*  The  practice  in  the  Western  mining  States  is  to  have  the  second 
acid  of  the  same  strength  as  the  first.  Many  assay ers  prefer  to  use  two 
strengths  of  acid  for  parting — a  solution  of  about  1.16  Sp.  Gr.  (10  parts 
of  strong  acid  to  16  of  water)  for  the  first  heating,  and  another  of  1.26 
Sp.  Gr.  (16  parts  acid  to  10  of  water)  for  the  second. 
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to  the  scale-pans  of  the  button  balance  for  weighing.  The 
assayer  must  take  great  care  to  get  all  the  gold  out  of  the 
annealer,  and  the  weighing  must  be  done  with  extreme 
care. 

103.  Instead  of  doing  both  parting  and  annealing  in 
the  porcelain  capsules,  many  assayers  prefer  to  part  the 
buttons  in  test  tubes,  and  then,  after  washing  the  gold,  to 
transfer  it  to  the  capsules  or  to  small  porous  **  annealing 
cups."  This  makes  it  impossible,  however,  to  part  more 
than  one  set  at  a  time,  as  the  test  tube  must  be  held  over 
the  flame.  The  gold  is  transferred  from  the  test  tube  to 
the  capsule  or  annealing  cup  as  follows:  The  test  tube  con- 
taining the  gold  is  filled  to  the  brim  with  water;  then  the 
capsule  is  placed,  upside  down,  over  the  mouth  of  the  test 
tube,  and  with  a  quick  motion  the  whole  is  inverted,  so  that 
the  test  tube  is  standing  bottom  upwards  in  the  capsule. 
The  test  tube  is  -drawn  up  until  its  mouth  is  nearly  level 
with  the  rim  of  the  capsule.  The  water  is  held  up  in  the 
test  tube  by  the  pressure  of  the  outside  air  on  the  surface 
of  the  small  amount  of  water  which  has  flowed  out  into  the 
capsule,  and  the  gold  settles  rapidly  to  the  bottom  of  the 
capsule.  As  soon  as  the  last  black  specks  have  settled,  the 
test  tube  is  raised  very  gently  until  its  mouth  is  level 
with  the  brim  of  the  capsule,  and  then  with  a  quick  jerk 
slid  off  sideways,  the  water  falling  out  as  soon  as  the  tube 
is  clear  of  the  capsule.  The  water  is  then  drained  off  from 
the  gold  in  the  capsule,  as  previously  described,  and  the  gold 
is  annealed  and  weighed. 

104.  Distilled  water  and  nitric  acid  used  for  parting 
silver-gold  buttons  must  be  tested  to  see  that  it  is  free  from 
chlorine  or  HCL  To  test  for  the  presence  of  chlorine,  add  a 
drop  of  silver  nitrate  solution  to  the  suspected  water  or 
acid,  and  if  a  cloudiness,  caused  by  the  precipitate  of  silver 
chloride,  results,  chlorine  is  present.  To  free  nitric  acid 
from  chlorine,  add  silver  nitrate  solution,  a  drop  at  a  time, 
shaking  the  acid  after  each  addition  and  allowing  the  pre- 
cipitate of  silver  chloride  to  settle.     When  a  cloudiness  no 
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longer  results  from  the  addition  of  silver  nitrate  solution, 
the  nitric  acid  should  be  filtered  or  decanted  off,  to  remove 
the  precipitate  of  silver  chloride,  and  the  pure  acid  trans- 
ferred to  a  reagent  bottle  ready  for  use.  Chlorine  may  be 
removed  from  distilled  water  in  the  same  manner,  but 
usually  water  containing  chlorine  is  thrown  away,  it  not 
being  considered  worth  the  time  required  to  eliminate  the 
chlorine  by  AgNO^^  for  a  fresh  lot  can  easily  be  distilled. 

105.  Inquartlng. — If  a  gold-silver  button  does  not 
contain  at  least  %)^  times  as  much  silver  as  gold,  the  parting 
acid  will  not  completely  dissolve  out  the  silver,  or  it  may 
not  attack  the  button  at  all,  and  it  becomes  necessarv  to 
add  sufficient  silver  to  bring  the  proportion  in  the  button 
up  to  this  figure.  This  addition  of  silver  to  buttons  is 
called  **inquarting"  or  **  quartation,"  from  the  fact  that  it 
was  formerly  believed  that  gold  and  silver  could  not  be 
parted  by  acid  if  a  larger  proportion  of  gold  than  one- 
quarter  was  present. 

Chemically  pure  (c.  p.)  silver  foil  is  used  for  inquarting. 
Small  buttons  are  usually  alloyed  by  merely  melting  them 
up  on  charcoal,  together  with  a  small  piece  of  silver  foil,  by 
the  blowpipe.  Larger  buttons  are  wrapped  up,  together 
with  the  necessary  amount  of  silver  foil,  in  sheet  lead,  and 
the  whole  cupelled  down  in  the  usual  manner.  The  inquarted 
buttons  are  flattened  and  then  parted  as  usual. 

If  the  amount  of  silver  in  the  button  is  not  much  over 
three  times  that  of  the  gold,  the  button  will  not  break  up  in 
parting,  but  the  silver  will  dissolve  out  and  leave  a  black 
skeleton  or  sponge  of  gold  of  the  same  shape  as  the  original 
button.  On  annealing,  this  sponge  will  shrink  somewhat 
and  turn  yellow,  but  will  hold  together  and  retain  its  shape, 
making  it  very  convenient  for  weighing.  For  this  reason, 
as  small  an  excess  of  silver  as  possible  is  added  for  inquart- 
ing. The  experienced  assayer  can  usually  tell  by  the  color 
of  a  button  very  nearly  what  proportion  of  gold  it  contains, 
and  he  will  then  weigh  out  enough  silver  to  bring  this  pro- 
portion down  to  about  1  to  3. 
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106.  The  weight  of  the  gold  subtracted  from  the 
original  weight  of  the  buttons  leaves  the  weight  of  the 
silver  in  the  buttons.  Thus,  returning  to  the  example  given 
in  Art.  99,  suppose  the  buttons  used  in  this  case  be  parted 
and  found  to  contain  together  2. 46  mg.  of  gold;  subtract- 
ing this  from  the  combined  weight  of  the  two  buttons 
(37.42  mg.)  the  result  is  34.96  mg.,  the  weight  of  silver  in 
the  two  buttons.     The  average  weight  of  the  silver  in  the 

34.96 
buttons  is,  therefore,  — ^,  or  17.48  mg.,  and  the  average 

2.46 
weight  of  the  gold  is  -^r— ,  or  1.23  mg.     Then,  if  ore  charges 

of  -^  A.  T.  were  used,  each  milligram  weight  in  the  button 
represents  10  ounces  per  ton,  and  the  ore  assays  174.8  ounces 
of  silver  and  12.3  ounces  of  gold  per  ton. 


CRUCIBLB  ASSAY. 

107.  The  charge  of  ore  used  in  the  crucible  assay  varies 
from  i  A.  T.  to  4  A.  T.  In  the  Western  mining  States  the 
common  practice  is  to  use  an  ore  charge  of  ^  A.  T.  in  a 
10-g.  Colorado  crucible  and  fuse  in  the  muffle  furnace,  dis- 
pensing entirely  with  the  wind  furnace.  The  muffle  fur- 
nace is  absolutely  necessary,  in  any  event,  for  scorification 
and  cupellation ;  hence  its  use  for  crucible  fusions  is  clear 
gain  for  crucible  work.  It  is  much  neater  and  handier  than 
the  wind  furnace,  the  heat  can  be  better  regulated,  and  a 
larger  number  of  crucibles  can  be  run  at  once  than  with  the 
ordinary  crucible  furnace,  thus  offsetting  the  advantage  of 
being  able  to  use  larger  charges. 

If  the  muffle  is  large  enough,  low-grade  gold  ores  may  be 
run  in  l-A.-T.  charges,  using  20-g.  crucibles;  but  for  gen- 
eral assaying  it  is  more  economical  to  use  smaller  muffles,  as 
they  are  cheaper  and  nearly  or  quite  as  durable  as  the 
larger  sizes;  then,  if  samples  are  occasionally  received  so 
low  grade  that  the  ordinary  double  ^-A.-T.  assay  will  not 
give  sufficient  gold  to  weigh  accurately,  run  a  number  of 
^-A.-T.  charges,  cupel,  combine  the  buttons  for  gold,  and 
average  the  results. 
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108.  Charges  larger  than  1  A.  T.  can  not  be  safely  run 
in  crucibles  small  enough  to  enter  any  of  the  muffles  ordi- 
narily used ;  and  therefore  unless  the  charge  is  divided,  wind 
furnaces  must  be  used.  Very  large  crucible  charges,  on 
account  of  the  amount  of  ore  used,  are  not  usually  run  in 
duplicate.  The  amounts  of  fluxes  in  larger  crucible  charges 
are  in  the  same  proportion  to  the  ore  as  in  the  ^-A.-T. 
charge,  and  the  reactions  in  the  crucible  are  the  same  in 
both  furnaces.  No  further  description  of  fusions  in  the 
wind  furnace  will  therefore  be  necessary,  as  the  student 
can  readily  figure  it  out  for  himself  from  the  following 
description  of  the  crucible  assay  in  the  muffle: 

109.  Charge. — As  previously  stated  under  **  Fluxes," 
the  crucible  charge  is  to  a  considerable  extent  dependent  on 
the  general  composition  of  the  ore.  If  the  sample  is  in 
lump  form,  this  can  usually  be  determined  by  a  simple 
inspection,  with  a  few  blowpipe  tests  if  necessary.  If  the 
sample  is  pulverized,  the  minerals  composing  it  may  be 
determined  by  washing  and  vanning  (shaking  gently  from 
side  to  side  and  rotating)  a  little  of  the  pulp  with  water  in 
a  watch-glass,  and  examining  the  separated  minerals  with  a 
magnifying-glass.  Then  refer  to  Table  I  and  choose  the 
flux  best  suited  to  the  ore.  If  the  general  character  of  the 
ore  can  not  be  ascertained  by  examination,  try  one  of  the 
stock  fluxes  alone.  These  will  generally  flux  the  ore  satis- 
factorily; and  if  they  do  not,  they  will  at  least  give  an 
index  as  to  where  the  difficulty  lies  so  that  it  can  be  cor- 
rected. 

110.  The  flux  and  litharge  can  be  put  in  the  crucible, 
and  then  the  ore  weighed  out  and  placed  on  top  of  it,  the 
ore  and  flux  being  mixed  thoroughly  with  a  small  spatula, 
the  nails  inserted  point  downwards,  if  the  ore  is  a  sulphide, 
and  then  the  cover  of  salt  or  borax  glass  added.  The  entire 
charge  should  fill  the  crucible  from  f  to  f  full — never  more 
than  three-quarters,  or  the  charge  is  apt  to  boil  over  in  the 
muffle.    The  crucible  is  now  ready  for  the  furnace. 
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Another  way  of  mixing  the  charge  is  to  put  the  flux  and 
litharge  on  a  mixing  cloth  and  the  weighed  charge  of  ore 
on  top  of  it.  They  can  be  thoroughly  mixed  by  lifting  first  one 
corner  and  then  another,  so  as  to  roll  the  charge  over  and 
over  (as  described  in  Art.  16).  When  thoroughly  mixed  the 
material  is  placed  in  the  crucible  and  the  cover  and  nails  added. 

111.  The  muffle  should  be  at  a  good  red  heat  to  get  a 
clean,  rapid  fusion.  The  crucibles  are  placed  in  the  muffle 
and  the  door  closed.  The  fusion  will  usually  take  from  half 
to  three-quarters  of  an  hour.  If  the  furnace  is  very  hot, 
the  crucibles  should  be  watched  carefully  during  the  first 
15  or  20  minutes,  to  see  that  they  do  not  boil  over.  If  the 
charge  commences  to  froth  up  over  the  top  of  the  cruci- 
ble, the  door  should  be  opened  and  the  muffle  cooled  down, 
and  the  heating  carried  on  more  slowly  until  the  danger 
point  is  passed  and  the  charge  commences  to  subside. 
The  result  of  an  assay  that  has  run  over  should  never  be 
accepted.  As  soon  as  the  fusion  becomes  perfectly  quiet 
and  no  more  cooking  is  heard,  the  fusion  is  completed. 
Leave  the  crucibles  in  the  muffle  a  few  minutes  longer,  and 
finish  quite  hot,  to  make  the  slag  perfectly  fluid.  Then 
remove;  take  out  the  remains  of  the  nails,  if  any  were  used, 
with  the  small  crucible  tongs,  washing  them  in  the  slag  and 
tapping  them  lightly  against  the  side  of  the  crucible  as  they 
are  withdrawn,  to  detach  any  adhering  globules  of  lead; 
give  the  crucible  a  slight  whirling  motion  by  moving  the 
hand  around  in  a  horizontal  circle;  tap  it  gently  on  the  ledge 
of  the  furnace,  to  collect  and  sink  any  fine  globules  of  lead 
that  may  be  held  in  suspension  by  the  slag ;  and  then  pour 
into  its  proper  hole  in  the  warm  mold.  From  here  on,  the 
work — cupellation,  parting,  etc. — is  exactly  the  same  as  in 
the  scorification  assay. 


PRACTICAL  SUGGBSTION8. 

112.  The  first  essential  of  a  well-conducted  assay  office 
is  system.  If  an  office  is  not  conducted  according  to  a  rigid 
system,  endless  trouble  is  certain  to  result,  sooner  or  later, 
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from  samples  or  results  becoming  confused,  and  the  assayer 
will  never  be  absolutely  sure  of  his  work. 

113.  Marking  Samples. — The  pulverized  samples 
should  be  put  in  envelopes,  bottles,  or  boxes,  marked  with 
the  assayer's  number  of  the  sample  or  lot,  the  name  of  the 
sender  or  mine,  the  metals  to  be  assayed  for,  and  any  addi- 
tional remarks  that  may  be  considered  necessary.  It  is  a 
good  practice  to  also  put  the  date  of  receiving  the  sample 
on  the  envelope  or  bottle.  Envelopes  are  much  more  con- 
venient for  samples  than  bottles  or  boxes,  and  are  cheaper 
and  less  bulky.  Special  sample  envelopes  are  made  for  assay 
samples,  which  close  tightly,  without  sealing,  in  such  a  man- 
ner that  none  of  the  pulp  can  leak  out  nor  any  dirt  find  its 
way  in,  and  at  the  same  time  they  can  be  opened  very 
readily  and  without  damaging  the  envelope.  Large  assay 
offices  usually  have  their  name  and  the  blank  form  for  mark- 
ing the  samples  printed  on  their  sample  envelopes. 

Many  assayers,  instead  of  marking  samples  as  above,  put 
only  the  name  and  lot  number  on  the  envelope,  and  then 
under  the  lot  number  in  a  note-book  enter  a  more  detailed 
description  of  the  sample,  its  character,  etc. 

114.  Numbering. — Assayers  usually  employ  running 
numbers  for  their  samples;  that  is,  the  samples  are  num- 
bered consecutively,  and  the  numbers  are  never  repeated. 
This  avoids  confusing  different  samples  from  the  same  per- 
son or  mine. 

115*  Weighing  and  Furnace  W^ork. — When  weigh- 
ing samples,  a  record  should  be  kept  in  a  note-book  of  the 
order  in  which  the  samples  are  weighed  and  the  amount 
taken.  Number  each  day's  work  consecutively,  from  1 
upwards.  The  same  order  should  then  be  preserved  all 
through  fusion,  cupellation,  and  parting,  to  the  final  weigh- 
ing of  the  gold.  This  will  avoid  any  confusion  from  the 
assayer  losing  track  of  which  buttons  came  from  which  ore, 
etc.  If  a  single  one  of  a  batch  of  assays  goes  astray,  the 
entire  lot  might  as  well  be  thrown  out,  as  the  assayer  can 
never  be  positively  sure  just  which  assays  are  out  of  place, 
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and  a  result  to  which  the  least  doubt  attaches  is  worse  than 
useless.  In  addition  to  keeping  his  assays  in  a  fixed  order 
and  to  help  him  in  so  doing,  it  is  well  for  the  beginner  to 
mark  his  crucibles  and  scorifiers  plainly,  in  several  places, 
with  the  numbers  of  the  assays  they  contain,  using  reddle 
(red  ocher),  in  the  form  of  either  chalk  or  paint,  as  it  is  not 
affected  by  the  heat  of  the  furnace.  The  numbers  of  the 
buttons  can  also  be  scratched  on  the  sides  of  the  cupels  as 
a  further  precaution.  This  marking  may  be  abandoned  as 
soon  as  the  assayer  has  his  system  thoroughly  worked  down. 

116.  The  accompanying  sketches  (Fig.  23)  illustrate  a 
convenient  system  of  handling  the  assays  from  the  weigh- 
ing of  the  charge  to  the  weighing  of  the  gold  and  silver  but- 
tons, in  order  to  avoid  confusion.   The  scheme  is  here  worked 
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out  for  six  duplicate  assays  and  a  two-muffle  furnace;  but 
the  same  principles  are  applicable  to  any  number  of  assays 
in  any  furnace. 

The  charges  as  they  are  weighed  out  are  placed  in  their 
respective  crucibles  or  scorifiers  on  the  cupel  board,  with 
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No.  1  at  the  right-hand  back  corner,  and  the  rest  succes- 
sively, as  shown  at  {a).  With  this  arrangement,  the  assayer 
never  has  to  reach  over  already  charged  crucibles  or  scorifi- 
ers  to  set  assays  in  their  proper  places,  and  thus  run  the 
risk  of  tipping  over  a  crucible  or  brushing  some  of  the  ore 
off  a  scorifier  charge  with  his  sleeve. 

The  assays  are  carried  from  the  weighing  room  to  the 
furnace  on  the  cupel  board.  The  board  is  set  sidewise  on 
the  bench,  with  Nos.  3  and  6  to  the  front,  as  shown  at  (a), 
and  the  assays  are  put  into  the  muffles  in  the  natural  order 
of  their  positions — those  at  the  front  side  of  the  board  going 
to  the  back  of  the  muffles,  and  vice  versa,  as  shown  at  {6), 
When  the  fusion  is  finished,  Nos.  1  and  4,  which  are  in  front 
in  the  respective  muffles,  are  naturally  withdrawn  first,  and 
are  poured  into  the  back  holes  of  the  mold,  as  at  (r),  bring- 
ing the  assays  once  more  into  the  original  order.  In  the 
cupels  in  the  furnace,  the  buttons  are  again  in  reversed 
order,  as  at  (^/),  and  the  cupels  are  drawn  in  their  proper 
sequence,  as  at  {e),  and  carried  to  the  weighing  room. 

117.  To  Heat  the  Muffle. — To  raise  the  heat  of  the 
muffle  rapidly,  build  a  good  fire  under  it,  heaping  the  coal 
well  up  and  allowing  it  to  burn  down  to  glowing  coals; 
then,  as  soon  as  the  muffle  commences  to  show  a  dull  red 
heat,  throw  a  little  charcoal  or  coal  into  the  muffle  and  shut 
the  door.  The  coal  in  the  muffle  will  take  fire  from  the 
heat  of  the  muffle,  and  its  heat  added  to  that  of  the  fire 
below  will  quickly  bring  the  muffle  to  a  good  fusing  heat, 
when  the  coals  inside  may  be  withdrawn  and  the  crucibles 
or  scorifiers  inserted.  A  shovelful  of  burning  coals  from 
the  grate  will  accomplish  the  same  purpose  in  even  less  time. 
The  same  scheme  may  be  employed  in  case  the  heat  should 
be  allowed  to  fall  low  while  using  the  furnace,  placing  the 
coal  or  charcoal  at  the  front.  In  cupelling,  this  also  assists 
in  opening  frozen  cupels  (see  Art.  90). 

The  use  of  coal  in  the  muffle  should  be  avoided,  as  the  ash 
is  liable  to  form  a  sticky  slag  that  is  troublesome.  The  use 
of  wood  or  charcoal  is  not  so  objectionable. 
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118.  To  Cool  tlie  Muffle.— While  cupelling,  if  the 
muffle  gets  too  hot  at  the  rear,  it  can  be  cooled  down  locally, 
without  touching  the  fire,  by  merely  putting  in  one  or  more 
cold  crucibles  or  scorifiers.  If  any  particular  cupels  get  too 
hot,  they  can  be  cooled  down  without  seriously  affecting  the 
rest  of  the  cupels  in  the  muffle  by  putting  cold  scorifiers 
on  them,  each  scorifier  resting  on  the  edges  of  two  cupels. 

119.  Accidents. — In  spite  of  the  greatest  care,  an 
occasional  accident  is  unavoidable  in  an  assay  office.  Cruci- 
bles, scorifiers,  or  cupels  may  be  spilled,  crucibles  may  boil 
over,  a  defective  scorifier  may  be  corroded  through,  or 
cupels  may  crack  and  let  the  molten  button  through  on  to 
the  floor  of  the  muffle.  Litharge  and  oxidizing  lead  corrode 
the  muffle  very  rapidly ;  if  the  lead  is  left  on  the  floor  of  the 
muffle,  it  will  soon  eat  its  way  through,  and,  once  started, 
the  muffle  soon  goes  to  pieces.  Most  slags  are  not  very, 
actively  corrosive,  but  slag  is  a  great  nuisance  on  the  flooi 
of  the  muffle,  even  in  very  small  quantities,  as  it  causes  the 
vessels  to  stick,  and  if  they  are  not  released  very  cautiously 
a  spill  is  apt  to  result. 

The  standard  remedy  for  all  such  troubles  in  the  muffle  is 
bone-ash.  If  a  vessel  boils  over  or  spills,  remove  it  at  once 
and  throw  in  a  handful  of  bone-ash.  This  will  mix  with  the 
slag  and  form  a  thick  paste,  which  can  be  readily  removed 
with  a  scraper.  If  any  lead  is  left  on  the  floor  of  the  muffle, 
throw  in  some  more  bone-ash  on  top  of  it.  The  bone-ash  will 
absorb  the  litharge  as  it  forms,  and  save  the  muffle  to  a  con- 
siderable extent.  It  is  advisable  to  keep  the  floor  of  the 
muffle  always  thinly  covered  with  bone-ash ;  this  will  afford 
considerable  immediate  protection  in  case  of  spills,  etc.,  and 
will  also  prevent  vessels  sticking  to  old  slag  spots  on  the 
bottom. 

CALCULATIONS. 

1 20.  The  calculation  of  the  results  of  gold  and  silver 
assays  is  a  matter  of  simple  arithmetic.  It  has  already  been 
touched  upon  incidentally  under  the  description  of  the  assay- 
ton  system  (Art.  30)  and  in  Arts.  99  and  106,  but  will 


§  36  ASSAYING.  67 

be  taken  up  separately  and  explained  in  detail,  with  exam- 
ples. 

The  rule  for  the  calculation  of  the  number  of  ounces  of 
precious  metals  per  ton  of  ore  (Art.  30)  must  be  kept  in 
mind;  the  rest  of  the  calculation  is  mere  multiplication. 
This  rule  we  will  here  repeat  in  the  shape  of  a  formula: 

weight  of  button  in  mcr.  ,         ^ 

— :—r^ — -. -—. -. — .     ---    =  number  of  ounces  per  ton. 

weight  ot  ore  taken  m  A.  T. 

For  example,  if  the  button  from  an  A.  T.  of  ore  weighs 
213  mg.  before  parting  and  the  gold  from  parting  weighs 
13  mg.,  the  contents  of  the  ore  in  gold  and  silver  are  figured 
as  follows:  213  mg.  (gold  and  silver)  —  13  mg.  (gold)  = 
200  mg.,  the  weight  of  silver  in  the  button.* 

Then,  since  we  have  200  mg.  of  silver  from  a  l-A.-T. 
charge  of  ore,  if  we  set  these  values  in  the  formula,  we  have 

AoiL  33:  200  ounces  silver  per  ton, 
and  for  the  gold  (13  mg.), 

^^=  Id  ounces  gold  per  ton. 

If  only  i  A.  T.  of  this  ore  be  taken,  the  buttons  will,  of 
course,  weigh  only  half  as  much  as  the  buttons  from  1  A.  T. ; 
but  as  the  ore  charge  also  is  only  half  as  large  as  in  the 
l-A.-T.  assay,  the  weight  of  the  buttons  divided  by  the 
weight  of  ore  used  gives  the  same  result  as  in  the  l-A.-T. 
calculations;  thus, 

— -  =  100  X  2  =  200  ounces  silver  per  ton, 
i 

6  5 
and  -j-  —  6.5  X  2  =  13  ounces  gold  per  ton. 

2 

If  only  iV  A.  T.  of  the  ore  were  taken,  the  silver  and  gold 
would  weigh  20  mg.  and  1.3  mg.,  respectively,  and  the 
figures  would  read 

20 

-—  =  20  X  10  =  200  ounces  silver  per  ton, 

"nr 

1  3 
and  -^  =  1.3  X  10  =  13  ounces  gold  per  ton. 


*  For  the  purpose  of  calculating,  the  gold  and  silver  are  considered 
separately,  as  if  they  were  in  separate  buttons,  one  pure  gold  and  the 
other  pure  silver. 
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121.  The  value  of  gold  is  definitely  fixed  at  $20.67  per 
troy  ounce,  and  this  value  is  the  same  in  all  civilized  coun- 
tries. Most  custom  assayers,  however,  figure  gold  at  120 
per  ounce,  as  this  value  is  much  more  convenient  for  calcu- 
lations, and  is,  moreover,  the  value  adopted  by  smelters  in 
purchasing  ores. 

The  value  of  silver  fluct  lates  considerably,  and  the  silver 
values  in  an  ore  are  figured  at  the  prevailing  market  price 
of  silver.  In  all  the  calculations  in  this  Paper,  gold  is  fig- 
ured at  120.67  per  ounce  and  silver  at  60  cents  per  ounce. 
At  these  prices,  the  value  of  the  ore  in  the  preceding  exam* 
pies  would  be, 

Gold:     13  ounces  @  $20.67  per  ounce  =  $268.71 
Silver:  200  ounces  @  $0.60  per  ounce  =    120.00 

Total  value  of  ore  in  gold  and  silver,  $388.71  per  ton. 


ORBS  "VITITH  METALLIC  SCALERS. 

122.  When  an  ore  contains  particles  of  metallic  gold 
and  silver  too  coarse  to  pass  through  the  screen  with  the 
pulp,  these  scales  must  be  assayed  separately,  the  amount 
of  gold  and  silver  they  contain  determined  and  added  to  the 
total  gold  and  silver  in  the  pulp,  and  the  sum  divided  by 
the  number  of  assay  tons  in  the  entire  sample — pulp  and 
scales — to  obtain  the  total  gold  and  silver  in  each  assay  ton 
of  the  sample. 

If  the  sample  is  known  to  contain  metallic  scales,  it  may 
be  weighed  before  crushing.  After  the  sample  is  pulverized, 
the  pulp  and  scales  are  weighed  separately.  Their  combined 
weight  should  be  only  a  trifle  less  than  that  of  the  original 
sample,  if  the  work  has  been  carefully  done.  If  the  scales 
do  not  show  in  the  lump  sample,  it  would  naturally  be 
crushed  without  weighing,  and  the  combined  weight  of  the 
pulp  and  scales  would  then  have  to  be  taken  as  the  weight 
of  the  original  sample;  hence,  care  should  be  taken,  in 
bucking  samples,  to  lose  as  little  of  the  sample  as  possible. 
If  the  bucking  is  carefully  done,  the  loss  of  ore  in  an  ordinary 
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sized  sample  will  be  so  small  that  the  error  in  the  calcula- 
tions from  this  cause  will  not  be  appreciable. 

123.  If  there  is  any  considerable  quantity  of  scales, 
they  should  be  scorified  down  in  the  usual  manner  and  the 
lead  button  cupelled.  If  there  is  only  a  small  quantity,  they 
may  be  wrapped  in  lead  foil  and  cupelled  directly.  The 
gold-silver  button  is  weighed  and  parted  as  usual  and  the 
gold  weighed.  The  weight  of  the  gold  subtracted  from 
the  weight  of  the  button  will  give  the  weight  of  silver  in 
the  scales  from  the  entire  original  sample. 

124.  The  pulp  is  assayed  in  the  usual  manner  by  either 
scorification  or  crucible  process,  using  the  regular  charge — 
^,  ^,  or  1  A.  T.  The  results  may  then  be  calculated  as 
follows : 

Let  A  =  weight  of  the  pulp  in  grams ; 
B  =  weight  of  the  scales  in  grams ; 
C  =  assay  value  of  pulp  in  ounces  of  gold  or  silver 

per  ton  (or  mg.  per  A.  T.); 
D  =  weight  of  the  gold  or  silver  in   the   scales,   in 

milligrams. 

Now,  ^TTTT^^  =  weight   of   the   pulp   in   assay   tons,  and 
29. 166 

—  =  total   weight    of   sample  m  assay  tons.  — 


29.166       "^.s>.-^    ^^  r  -      J  29.166 

number  of  milligrams  of  gold  or  silver  in  the  pulp;  and  if 
the  weight  of  gold  or  silver  in  the  scales  be  added  to  this, 
we  have 

AC     ,    7^  __  j  total  number  of  milligrams  of 
29.166  ~"    I  gold  or  silver  in  entire  sample. 

To  obtain  the  weight  of  gold  or  silver  in  1  A.  T.,  we  must 
divide  the  total  weight  of  gold  or  silver  in  the  sample  by 
the  weight  of  the  sample  in  assay  tons ;  thus, 

AC       ^ 
29. 166  "^        _A  C+  29. 166  Z?  _  j  milligrams  of  gold  or  silver 
A  -{-  B      ""         A  +B         ""  (  per  A.  T.  (or  oz.  per  ton). 
29.166 
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125*  Example. — Suppose  that  the  pulp  from  a  sample  weighs 
107.8  g.  and  the  scales  weigh  0.235  g.  (285  mg.).  If  the  scales  contain 
185  mg.  of  gold  and  60.5  mg.  of  silver,  and  the  pulp  assays  8.28  ounces 
of  gold  and  1.7  ounces  of  silver  per  ton,  what  is  the  total  gold  and  silver 
contents  of  the  ore,  in  ounces,  per  ton  ? 

Solution. — The  complete  solution  is  as  follows: 
A  =  107.8;  ^  =  0.28;  C=  8.28  for  gold  and  1.7  for  silver;  and  /?  =  185 
for  gold  and  60.5  for  silver. 

'^''•'«'  29X06  =■-  S®6  =  «•«»«  ^-  "^^  •  ^*-  °^  P"'P' 

.      A+B      107.8  +  0.28      108.08      „.„-.„,.,,-  , 

^"^      297166  =      29.166      =  2066  =  »•  '<>*  A.  T. .  total  wt.  of  sample. 

The  total  weight  of  gold  or  silver  in  the  pulp  = 

AC  A 


29.166  ""29.166 
hence,  for  gold, 

AC 


X  C=  8.696  C; 


29. 166 
and  for  silver, 

29.166 


=  8.696  X  8.28  =  12.128  mg.  gold  in  pulp, 


:=  3.696  X  1.7  =  6.288  mg.  silver  in  pulp. 


The  total  weight  of  gold  or  silver  in  the  entire  sample  =  the  weight 

A  C 
in  the  pulp  +  the  weight  in  the  scales,  or  ..^  . , ..  +  D  ;  hence,  /Ae  total 

^9.  loo 

gold  in  the  sample  —  12.123  +  135  =  147.128  mg.,  and  the  total  silver 

in  the  sample  =  6.283  +  60.5  =  66.783  mg. 

Then,  since  the  entire  sample  weighs  8.704  A.  T., 

147.128 
3.704 

and 


=  39.72  mg.,  total  gold  in  1  A.  T.  of  ore  (or  89.72oz.  per  ton); 


-7^-^   *-  =  18.03  mg.,  total  silver  in  1  A.  T.  of  ore  (or  18.03  oz.  per  ton). 

1 26.  The  preceding  calculations  are  given  in  full  merely 
to  more  fully  illustrate  their  principle.  The  same  result  may 
be  obtained  with  much  less  work  by  simply  substituting  the 

values  o{A,B,  C,  and  D  in  the  final  formula "t"     '    = 

mg.  per  A.  T.,  or  oz.  per  ton;  thus,  for  gold, 
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107.8  X  3.28  +  29.166  X  135  _  353.6  +  3,937.4  _ 
107.8  +  0.23      ""    108.03    " 

4  291 

.,  '    ,^  =  39.72  mg.  gold  per  A.  T.  (or  oz.  per  ton)  ; 

and  for  silver, 

107.8  X  1.7  +  29.166  X  60.5  _  183.3  +  1,764.5  _ 
108.03  "■  108.03  "" 

1  947  8 
\      '    =  18.03  mg.  silver  per  A.  T.  (or  oz.  per  ton). 

lOo.  0*3 


127.  Horn  silver  (chloride  of  silver)  in  an  ore  may 
cause  the  same  trouble  as  metallic  gold  or  silver,  as  it  is 
malleable  and  flattens  out  into  scales  instead  of  breaking 
up  and  passing  through  the  screen  with  the  pulp.  These 
scales  are  treated  just  like  metallic  scales,  and  the  results 
calculated  in  the  same  manner. 

If  there  is  only  a  very  small  quantity  of  scales  and  the 
scales  are  not  very  coarse,  they  may  be  ground  down  fine 
enough  to  pass  the  screen  by  placing  them  on  the  bucking 
board,  covering  them  with  a  little  of  the  pulp  which  has 
already  passed  the  screen,  and  grinding  heavily  for  a  few 
minutes.  Then  sift,  and  if  any  scales  are  still  left,  grind  again 
in  the  same  way,  and  repeat  till  they  will  all  pass  through 
the  screen.  Mix  the  sample  with  unusual  care  when  weigh- 
ing out  the  charges,  to  make  sure  that  you  have  the  scales 
evenly  distributed.  This  involves  a  little  more  work  in  the 
preparation  of  the  sample,  but  saves  the  trouble  of  the  extra 
assay  and  the  calculations  necessary  when  the  scales  are 
assayed  separately. 


BXAMPLBS  FOR  PRACTICB. 


1.  Scorification  Assay.  Ore  charges,  ^  A.  T.  The  gold-silver 
buttons  weigh  1.72  and  1.76  mg.,  respectively,  and  the  gold  from 
parting  weighs  0.98  mg.      {a)  How  many  ounces  of  gold  and  silver 
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does  the  ore  contain  per  ton  ?     (b)  What  is  the  value  of  the  ore 
per  ton  ? 

Ans. 


Gold,      4.9  oz.  per  ton. 
Silver,  12.5  oz.  per  ton- 


Gold,     $101.28  per  ton. 
/^\  J  Silver,        7.50  per  ton. 

Total,    $108.78  per  ton. 

2.  Crucible  Assay.  Ore  charges,  ^  A.  T.  Weight  of  gold-silver 
buttons,  2.96  and  2.90  mg.,  respectively.  Weight  of  gold,  1.03  mg. 
{a)  How  many  ounces  of  gold  and  silver  does  the  ore  contain  per 
ton  ?    (b)  What  is  the  value  of  the  ore  per  ton  ? 

(d\  \  ?^^^»    1-??  02'  P^r  ton. 
Ans. 


Silver,  4.83  oz.  per  ton. 


Gold.       $21.29  per  ton. 
/^x  J  Silver,        2.90  per  ton. 

Total,      $24.19  per  ton. 

8.  Crucible  Assay,  Ore  charges,  1  A.  T.  Weight  of  gold-silver 
buttons,  0.78  and  0.81  mg.,  respectively.  Weight  of  gold,  1.34  mg. 
(Buttons  would  have  to  be  inquarted.)  {a)  How  many  ounces  of  gold 
and  silver  does  the  ore  contain  per  ton?  {b)  What  is  the  value  of 
the  ore  per  ton  ? 

Ans. 


Gold,    0. 670  oz.  per  ton. 
Silver,  0.125  oz.  per  ton. 


Gold,    $13.85  per  ton. 
/^\  J  Silver,      0.07  per  ton. 

Total.  $13.92  per  ton. 

Note. — ^When  the  quantity  of  silver  contained  in  an  ore  is  as  small 
as  this,  it  is  usually  ignored  entirely  when  calculating  the  value  of 
the  ore  and  reported  as  a  "  trace."  Such  small  quantities  of  silver  are 
never  considered  in  buying  and  selling  ores,  and  in  such  a  case  as  the 
above,  only  the  gold  would  be  paid  for.  In  assaying  gold  ores  known 
to  contain  so  little  silver  that  it  may  be  safely  neglected,  it  is  a  com- 
mon practice  to  add  enough  silver  to  the  assay  charges — in  the  shape 
of  silver  foil  or  a  small  crystal  of  nitrate  of  silver — to  inquart  the  gold 
buttons.  This  silver  will  go  into  the  lead  buttons  along  with  the  gold 
and  silver  in  the  ore,  and  when  they  are  cupelled  the  assayer  has  his 
buttons  all  ready  to  part,  and  does  not  have  to  take  the  risk  of  losing 
them  in  inquarting  with  the  blowpipe,  to  say  nothing  of  the  work 
saved.  When  only  the  gold  is  determmed.  it  is  not  necessary  to  weigh 
the  buttons  before  parting,  except  as  a  check  on  the  assaying. 

4.  Ore  Containing  Metallic  Scales,  Weight  of  pulp,  138.67  g. 
Weight  of  scales,  1.23  g.  Scales  contain  832.4  mg.  silver  and  8.58  mg. 
gold.  The  pulp  is  assayed  by  the  crucible  process,  using  J-A.-T.  charges 
of  ore;  the  gold-silver  buttons  obtained  weigh  107.54  and  107.28  mg., 
respectively,  and  the  gold  from  parting  weighs  2.26  mg.     {a)  How 
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many  ounces  of  gold  and  silver  does  the  ore  contain  per  ton  ?    (d) 

What  is  the  value  of  the  ore  per  ton  ? 

Gold,       4.03  oz.  per  ton. 
Silver,  384  20  oz.  per  ton. 


Ans. 


(-)  {  I' 


Gold,  $  83.30  per  ton. 
/^^  1  Silver,  230.52  per  ton. 

Total,  $313.82  per  ton. 


COBITROLr  ASSAYS. 

128.  The  price  paid  by  mills,  smelters,  or  sampling 
works  for  ores  is  fixed  or  controlled  by  the  result  of  assays 
run  independently,  by  different  assayers,  on  duplicate  sam- 
ples from  each  lot  of  ore.  Such  assays  are  aptly  named 
control  assays,  or,  briefly,  controls.  The  only  way  in  which 
they  differ  essentially  from  ordinary  assays  is  in  the  extreme 
care  taken  in  sampling  and  assaying,  in  order  to  insure  per- 
fect justice  to  both  the  shipper  and  the  works.  The  follow- 
ing are  the  details  of  the  method  commonly  adopted  in  the 
Western  mining  States. 

129.  Sampling. — When  the  ore  comes  into  the  mill  or 
smelter,  the  entire  lot  is  crushed,  if  necessary,  and  a  sample 
of  from  5  to  10  tons,  according  to  the  size  of  the  lot,  is  cut 
out,  usually  by  an  automatic  sampler,  or  by  quartering,  or 
by  the  use  of  the  split  shovel.  (Small  lots  of  ore  are  not  cut 
down,  but  the  entire  lot  is  treated  in  the  same  way  as  the 
sample  from  a  larger  lot. )  This  sample  is  further  cut  down 
in  the  same  manner  to  200  or  300  pounds. 

This  last  sample  is  crushed  quite  fine  by  fine-crushing 
rolls  or  by  a  sample  grinder,  and  is  then  cut  down  to  about 
2  or  3  pounds  by  quartering  or  by  the  use  of  a  tin  sampler, 
or  riffle.  This  is  the  final  sample.  The  whole  of  this  sam- 
ple is  ground  down  to  100  mesh  and  screened. 

The  pulp  is  very  thoroughly  mixed  by  rolling  on  a  rubber 
mixing  cloth,  as  described  in  Art.  17,  and  the  sample  is 
then  divided  into  four  equal  parts  by  quartering  or  by  the 
riffle.  These  are  the  control  samples,  and  should  weigh 
from  8  to  12  ounces  each.  They  are  put  into  separate  sam- 
ple envelopes,  of  which  each  mill  has  its  own  printed  form. 
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Each  envelope  is  sealed  with  the  seal  of  the  works,  and  is 
marked  with  the  mine  number,  the  name  of  the  mine,  and 
the  mill  or  lot  number.  The  shipper  is  then  given  his 
pick  of  the  samples,  generally  taking  two,  another  is  kept 
by  the  mill  for  assay,  and  the  remaining  sample  is  stamped 
or  marked  with  the  word  **  Umpire"  and  retained  by  the 
mill,  to  be  assayed  by  a  third  party  in  case  the  assays  of  the 
shipper  and  the  mill  fail  to  agree  within  reasonable  limits. 
The  shipper  sometimes  also  writes  or  stamps  his  name  on  the 
envelope  containing  the  umpire  sample.  Some  works  divide 
their  final  sample  into  five  parts,  so  that  both  the  shipper 
and  the  works  can  have  two  samples,  in  addition  to  the 
umpire  sample. 

130«  Assaying  for  Settlement. — The  shipper  takes 
one  of  his  samples  to  the  mine  assayer,  if  the  mine  employs 
one,  or,  if  not,  to  any  reliable  custom  assay  office,  and  has 
it  assayed,  while  the  mill  assayer  assays  the  sample  kept  by 
the  mill.  They  then  compare  results,  and  if  they  check 
reasonably  close — say  within  3  or  4  points  (a  ** point"  is 
j^yf  ounce,  or  20  cents  per  ton,  in  gold)  on  an  ore  carrying 
$20  or  more  per  ton  in  gold — they  **  split,"  or  average,  the 
results,  and  the  ore  is  paid  for  on  this  basis.  For  example, 
if  the  mine  assay  shows  the  ore  to  contain  2.06  ounces  of 
gold  and  the  mill  assay  gives  2.02  ounces  of  gold  per  ton, 
the  shipper  is  paid  for  the  average,  or  2.04  ounces  of  gold 
per  ton. 

131.  If,  however,  the  two  assays  do  not  check  within 
these  limits,  both  assayers  repeat  their  work.  If,  after 
repeating,  they  still  disagree,  and  particularly  if  the  mine 
assay  is  high,  the  umpire  sample  is  sent  to  some  disinterested 
and  reliable  assayer  agreed  upon  by  both  parties  concerned, 
and  his  result  is  usually  taken  as  final.  If  he  does  not  check 
with  either  of  the  other  assayers,  however,  the  shipper  may 
demand  that  the  lot  be  resampled  or  may  send  his  ore  else- 
where, as  it  is  always  held  until  the  assays  are  satisfactorily 
completed  and  the  shipper  has  been  paid  for  it,  before 
treating. 
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132.  General  Metliod  of  Assaying. — The  assays 
may  be  run  by  either  the  scorifier  or  crucible  assay,  using 
^,  ^,  or  1  A.-T.  charges,  according  to  the  grade  and  char- 
acter of  the  ore.  The  assaying  is  done  in  the  usual  manner, 
but  with  great  care.  Many  assayers  prefer  to  use  20-g. 
crucibles  for  ^-A.-T.  charges,  or  to  take  double  the  number 
of  ^-A.-T.  charges  in  10-g.  crucibles,  in  order  to  have  room 
for  a  considerable  excess  of  flux.  Each  assay er  has  his  own 
way  of  checking  his  work.  A  good  scheme  is  to  run  three 
charges  and  part  two  buttons  together  and  the  third  sepa- 
rately as  a  check.  If  the  work  has  been  well  done,  the  gold 
from  the  two  buttons  should  weigh  almost  exactly  twice  as 
much  as  that  from  the  single  button.  If  it  does  not,  there 
is  something  wrong  and  the  assay  should  be  repeated.  In 
parting,  it  is  best  to  use  the  first  acid  quite  weak — about 
1  in  5 — and  the  last  acid  strong. 

The  results  of  control  assays  are  calculated  as  in  ordinary 
assays,  with  gold  at  120  an  ounce  and  silver  at  the  market 
price. 


BULLION    ASSAYS. 

133.  In  smelting  gold  and  silver  ores  by  the  ordinary 
lead-bullion  process,  the  gold  and  silver  are  carried  down  by 
lead,  exactly  as  in  the  crucible  assay.  This  enriched  lead  is 
known  as  **base  bullion,"  or  lead  bullion.  As  it  is  taken 
from  the  lead  well  of  the  furnace  it  is  cast  into  bars  or  pigs. 
These  are  afterwards  refined,  thegreater  portion  of  the  base 
metals  being  removed,  leaving  nearly  pure  gold  and  silver. 
The  refined  bullion  is  known  as  **fine  bullion,"  or  sometimes 
as  gold  bullion  or  silver  bullion,  when  composed  almost 
entirely  of  gold  or  silver,  respectively.  Fine  silver  bullion 
containing  considerable  gold  is  known  as  **dore  silver"  or 
*  *  dor6  bullion. "  It  is,  of  course,  necessary  to  assay  both  base 
and  fine  bullion  in  order  to  determine  their  respective  values. 

134.  Base-Bullion  Assay. — The  samples  are  taken 
from  the  bars  of  bullion  by  means  of  a  steel  punch  similar 
to  a  harness-maker's  punch,  but  larger  and  heavier.     This 
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punch  is  driven  about  half  way  through  the  bars,  taking  out 
cores  about  :|^  inch  in  diameter.  Two  sets  of  samples  are 
taken  from  each  bar,  one  from  the  top  and  one  from  the 
bottom,  towards  opposite  sides  and  ends.  When  sampling 
a  lot  of  bullion,  the  bars  are  usually  sampled  in  bunches  of 
five,  as  follows: 

The  five  bars  are  laid  side  by  side  on  the  sampling  plat- 
form, as  shown  in  Fig.  24,  and  one  sample  is  taken  from 

each  bar,  starting  at  the 
outside  upper  or  lower 
corner  and  working  diag- 
onally across,  the  samples 
being  taken  out  at  the 
o  o  points    indicated    by   the 

solid  circles.  Then  the  bars 
are  turned  over,  and  a 
second  set  of  samples 
taken  out  in  the  same  order,  but  starting  from  the  opposite 
end  of  the  first  bar  and  working  along  the  other  diagonal. 
In  the  figure,  the  positions  of  the  punch  holes  in  the  lower 
sides  of  the  bars  are  indicated  by  dotted  circles. 

135.  The  samples  from  the  entire  lot  are  melted  up 
together  in  a  clay  or  graphite  crucible,  care  being  taken  that 
the  heat  does  not  rise  to  a  point  where  the  lead  begins  to 
cupel  or  scorify  (volatilize),  as  any  reduction  in  the  propor- 
tion of  lead  in  the  bullion  is  equivalent  to  an  increased  pro- 
portion of  precious  metals,  and  the  results  would  therefore 
be  too  high.  As  soon  as  the  sample  is  perfectly  fluid,  it  is 
thoroughly  stirred  with  a  clean  iron  rod,  and  then  poured 

into  a  mold  and  cast  into  a  thin,  flat  j .  - 

bar,    10   to   18    inches    long,    about  ^     U 

3  inches  wide,  and  ^  or  }  inch  thick.  I 

The  samples  for  assay  are  taken  from 

this  bar  either  by  punching  out  pieces  from  the  ends  and 

sides,  as  shown  in  Fig.  25,  or  by  punching  out  pieces  at 

intervals,  diagonally  across  the  bar,  or  cutting  strips  right 

across  the  bar.    These  samples  should  each  be  approximately 
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of  the  weight  required  for  the  assay,  usually  i  A.  T.     Four 
samples  are  usually  taken  from  each  bar. 

136.  One-half  A.  T.  is  accurately  weighed  out  from 
each  sample.  Each  ^-A.-T.  sample  is  then  cupelled  sepa- 
rately, the  cupellation  being  conducted  exactly  as  in  ordi- 
nary ore  assays,  with  as  low  a  heat  as  is  practicable.  The 
cupels  should  always  show  **  feathers."  If  the  bullion  is 
impure — if  it  contains  considerable  quantities  of  other  base 
metals  besides  lead,  such  as  copper,  arsenic,  and  antimony, 
or  sulphur — it  should  be  scorified  down  with  a  little  borax, 
and  if  very  impure,  a  little  test  lead,  before  cupelling. 
The  cupels  should  be  moved  back  into  the  hotter  part  of  the 
muffle  just  before  **  blinking,"  and  should  then  be  with- 
drawn gradually,  to  prevent  sprouting.  A  sprouted  button 
should  always  be  rejected. 

As  soon  as  the  cupels  are  cool,  the  buttons  are  removed, 
brushed,  and  weighed.  The  weights  should  agree  very 
closely — say  within  half  an  ounce  on  bullion  running  200 
ounces  of  silver  to  the  ton. 

After  weighing,  the  buttons  are  flattened  out  in  the  dia- 
mond mortar  or  on  the  anvil,  and  are  then  ready  for  parting. 

1 37.  The  parting  may  be  performed  in  small  porcelain 
capsules,  as  in  the  ore  assay,  but  with  such  large  buttons  it 
is  better  to  use  parting  flasks  or  matrasses,  or  test  tubes. 
Place  two  buttons  in  each  flask,  add  20  to  30  c.  c.  of  c.  p. 
nitric  acid  of  about  1. 16  Sp.  Gr.  (about  30  per  cent,  strong 
acid)  and  heat  slowly  till  the  silver  is  all  dissolved.  Then 
boil  until  all  red  fumes  have  disappeared.  A  bit  of  char- 
coal or  a  couple  of  charred  pepper  beans  in  the  acid  will 
prevent  it  from  bumping  and  spurting  while  boiling.  About 
ten  minutes  is  usually  sufficient  for  the  first  heating.  Shake 
the  matrass  gently  to  collect  the  gold,  and  then  decant 
(pour)  the  acid  off  very  carefully  and  replace  it  with  fresh 
acid,  somewhat  stronger  (about  50  per  cent,  strong  acid). 
Boil  for  about  three  minutes ;  then  again  collect  the  gold  by 
shaking  and  pour  off  the  acid.  The  gold  is  next  washed 
three  times,  by  decantation,   with  distilled  water,  and  is 
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finally  transferred  to  a  porcelain  capsule  or  an  annealing  cup, 
in  the  manner  described  in  Art.  103,  dried,  annealed,  and 
weighed.  The  weights  of  gold  from  the  two  sets  of  buttons 
should  check  very  closely,  and  if  they  do  not,  two  more 
samples  should  be  assayed.  Their  results  will  usually  check 
one  or  the  other  of  the  first  two  pairs.  If  they  do  not,  the 
assay  should  be  again  repeated,  and  so  on  until  good  checks 
are  obtained. 

138.  Base-bullion  assays  are  always  reported,  like  ordi- 
nary gold  and  silver  assays,  in  ounces  per  ton.  Fine-bullion 
assays  are  reported  in  parts  per  1,000,  or  as  so  many  **  thou- 
sandths fine. " 

139.  Fine-Bullion  Assay. — Gold  in  fine  bullion  is 
always  determined  by  fire  assay.  Silver  may  be  determined 
either  by  fire  assay  or  by  volumetric  wet  assay.  The  wet 
assay  is  adopted  in  the  mints  and  in  most  large  metallurgical 
works,  as  it  is  slightly  more  accurate  and  less  troublesome 
than  the  fire  assay.  It  involves  considerable  knowledge  of 
chemistry  and  very  delicate  manipulation,  and  hence  will 
not  be  given  here.  The  fire  assay,  if  carefully  run  and  the 
proof  assays  are  properly  made  up,  will  give  very  closely 
approximate  results  and  is  the  method  commonly  used  by 
custom  assay  offices  and  small  works. 

140«  The  sample  is  obtained  from  the  bar  by  chipping 
off  the  diagonally  opposite  upper  and  lower  corners  with  a 
cold-chisel  or  by  boring  to  the  center  of  the  bar  from  the 
top  and  bottom,  near  the  diagonally  opposite  corners,  with 
a  drill-press  or  ratchet-drill.  The  latter  practice  is  the  bet- 
ter, except  in  the  case  of  bullion  known  to  be  very  fine  and 
uniform,  and  will  detect  any  attempt  at  fraud,  such  as  fill- 
ing the  center  of  the  bar  with  lead  or  copper — a  trick  that  is 
frequently  tried.  The  very  first  borings  should  be  rejected, 
as  they  are  apt  to  be  dirty  and  give  low  result.  Borings  are 
ready  for  immediate  weighing.  Chips  have  to  be  flattened 
out  on  the  anvil  or  in  a  small  set  of  rolls  made  especially  for 
the  purpose,  until  they  are  thin  enough  to  be  cut  up  by  the 
shears.     The  samples,  borings,  or  rolled  chips  are  placed  in 


§  36  ASSAYING.  79 

envelopes  properly  marked  with  the  number  stamped  on 
the  bar  from  which  they  are  taken. 

141*  The  approximate  composition  of  the  bullion  is 
first  determined  by  a  preliminary  assay.  Half  a  gram  of 
bullion  is  weighed  out  accurately  on  the  button  balance; 
this  is  wrapped  in  from  5  to  10  g.  of  pure  lead  foil  and 
cupelled  in  a  small  cupel  (weighing  about  10  or  12  g.).  The 
cupellation  is  conducted  as  in  the  base-bullion  assay,  with 
the  same  precautions,  the  cupels  showing  **  feathers"  just 
before  finishing.  The  button  should  then  be  weighed  and 
parted  as  usual. 

The  results  indicated  by  the  preliminary  assay  are  used  in 
making  up  the  proof  or  correction  assay,  which  should  be  as 
nearly  as  possible  identical,  in  every  particular,  with  regular 
assay,  charges.  The  amount  of  pure  silver  put  into  the 
proof  charge  is  from  5  to  10  mg.  greater  than  the  amount 
indicated  by  the  results  of  the  preliminary  assay,  as  it  is 
roughly  estimated  that  this  amount  is  lost  in  the  cupellation. 
If  the  bullion  contains  very  much  copper,  the  amount  should 
be  determined  as  described  in  Art.  236,  and  a  correspond- 
ing amount  added  to  the  proof.  Small  amounts  of  copper, 
however,  may  be  disregarded. 

142.  If  the  preliminary  assay  shows  the  bullion  to  con- 
tain too  much  gold  to  part  without  inquarting,  sufficient 
pure  silver  is  added  to  bring  the  proportions  up  to  2^  parts 
of  silver  to  1  of  gold.  If  the  gold  is  not  up  to  this  pro- 
portion, some  assayers  add  enough  pure  gold  to  make  it  so. 
This  is  not  the  general  practice,  however.  The  only  advan- 
tage it  gives  is  that  the  gold  stays  together  in  a  cornet,  and 
is  consequently  easier  to  handle,  with  less  danger  of  loss 
during  washing. 

143.  Table  IV  is  used  in  making  up  the  proof.  The 
method  of  making  up  the  proof  and  the  use  of  the  table 
are  best  illustrated  by  an  example.  Suppose  a  preliminary 
assay  of  500  mg.  of  bullion  gave  us  350  mg.  of  silver  and  an 
analysis  showed  20  per  cent,  of  copper.     The  table  shows  us 
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that  we  will  have  to  weigh  out  355  to  360  mg.  of  pure  silver 
and  that  12  g,  c.  p.  lead  foil  will  be  required  for  cupellation. 
Now,  as  the  bullion  contains  20  per  cent,  copper,  we  must 
add  100  mg.  of  c.  p.  copper  foil  and  50  mg.  of  c.  p.  test  lead. 
[The  weight  of  test  lead  necessary  in  the  proof  is  obtained 
by  subtracting  from  the  weight  of  bullion  used  the  sum  of 
the  weights  of  silver  and  copper  contained  in  the  500  mg.  of 
bullion,  viz.,  500  -  (350  +  100)  =  50  mg.  of  test  lead.]  The 
whole  is  wrapped  in  the  12  g.  of  c.  p.  lead  foil,  when  it  is 
ready  for  cupellation  with  the  regular  assay.     The  proof  is 
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made  up  in  this  manner  merely  because  the  loss  of  silver  in 
bullion  during  cupellation  depends  upon  the  amounts  of 
copper  and  lead  present.  The  regular  assay  is  performed 
as  follows:  Weigh  out  two  portions  of  bullion  of  500  mg. 
(is*)  C2ich;  wrap  in  the  proper  amount  of  lead  foil,  as 
shown  in  the  table,  together  with  what  pure  silver  or  gold 
may  be  necessary  to  secure  the  proper  proportions  for  part- 
ing, and  cupel.     The  cupel  containing  the  proof  assay  is 
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placed  between  the  two  regular  assays  and  run  along  with 
them.  The  resulting  buttons  are  weighed,  rolled  out  into 
ribbons,  annealed,  rolled  into  cornets,  and  parted  in  parting 
flasks  or  in  a  platinum  parting  tray  (described  in  Art.  59). 
The  gold-silver  buttons  should  check  within  1  milligram, 
and  the  gold  almost  exactly.  The  loss  of  silver  in  the  proof 
assay  should  not  be  more  than  5  mg.,  if  the  cupellation  has 
been  run  properly;  the  gold  loss,  unless  the  bullion  runs 
quite  high  in  gold,  will  be  hardly  noticeable.  The  amount 
of  the  loss  of  the  proof  assay  is  carefully  determined  and  a 
corresponding  amount  added  to  the  results  of  the  bullion 
assay,  to  make  up  for  the  loss  during  cupellation.  The  but- 
tons should  be  bright  and  clean. 

144.  The  result  of  the  assay  is  reported  in  parts  fine  per 
thousand — that  is,  the  bullion  is  reported  to  contain  so  many 
parts  pure  silver  and  so  many  parts  gold,  and  the  remainder 
is  base  metal,  usually  lead  and  copper,  the  whole  summing 
up  to  1,000  parts.  For  example,  if  the  gold-silver  buttons 
from  two  500-mg.  (J-g.)  charges  weigh  417  and  418  mg., 
respectively,  and  the  proof  assay  shows  a  loss  of  4. 5  mg. ,  the 

G    .  u  ..  .  •      417  +  4.5        843  ^.^         ,      c  a 

first  button  contams  — — !-r —  =  ,  or  843  parts  of  fine 

0\)\)  l,uuU 

silver  and  gold,  and  iVW»  ^^  ^^'^  parts  of  base  metals;  and 

.u  A  u  ..  .  '       418  +  4.5         845 

the  second  button  contams  — ^- —  =  .  ■■^,,  or  84o  parts 

500  1,000 

fine  silver  and  gold   and  155  parts   base   metals;   or,  the 

average  total  fineness  (silver  and  gold)  of  the  bullion  is  844. 

If  the  weight  of  the  gold  from  the  two  buttons  is  24  mg., 

this  weight  divided  by  the  weight  of  the  bullion  from  which 

the  gold  was  derived,  1,000  mg.  (two  ^-g.   charges),  gives 

the  contents  of  the  bullion  in  gold.      The  bullion  therefore 

contains   yf^,   or   24   parts   fine,   of   gold.       This   amount 

deducted  from  the  total  fineness  of  the  bullion  (844)  gives 

the  fineness  in  silver,  which  is  thus  found  to  be  820.     The 

silver  contents  may  also   be   found   in   the   same   way   as 

the  gold,  by  dividing  the  weight  of  silver  in  the  buttons  by 

the  weight  of  bullion  taken ;  thus, 
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421.5  +  422.5  =  844  mg.,  corrected  weight  of  gold-silver 
buttons. 

844  mg.  —  24  mg.=  820  mg.,  weight  of  silver  in  1,000  mg. 
(two  i-g.  charges)  of  bullion. 

-^8^^  =  .820,  or  820  parts  silver  in  bullion. 

The  results  of  the  preceding  assay  would  be  reported: 

Silver 820 /«^. 

Gold 2,4:/ne. 

This  would  be  stamped  on  the  bar  with  steel  dies  as  a 
decimal ;  that  is, 

Silver 820 

Gold 024 

Using  two  ^-g.  charges  for  assaying  greatly  facilitates  the 
calculations,  as  the  weights  of  the  two  charges  sum  up  to 
1,000  mg.,  and  by  adding  the  results  from  the  two  buttons 
together,  each  milligram  is  yuVff  ^^  1  part,  so  that  no  divi- 
sion is  necessary,  the  fineness  in  silver  or  gold  being  the 
same  as  the  weight  of  silver  or  gold  in  milligrams. 


LBAD  ASSAY. 

145.  The  fire  assay  for  lead  is  very  similar  to  the  cruci- 
ble assay  for  gold  and  silver ;  in  fact,  the  fluxes  and  the  reac- 
tions in  the  furnace  are  practically  identical.  The  lith- 
arge is,  of  course,  omitted,  as  the  object  of  the  assay  is 
to  determine  how  much  lead  there  is  in  the  ore,  and  if  lith- 
arge were  used,  its  lead  also  would  go  into  the  button  and 
make  it  far  too  heavy.  The  lead  from  the  ore  is  reduced  in 
the  same  way  as  the  lead  from  the  litharge  in  the  gold-silver 
assay. 

The  fluxes  are  made  up,  as  in  the  gold-silver  assay,  in 
accordance  with  the  character  and  composition  of  the  ore. 
Either  of  the  stock  fluxes  given  in  Art.  78  will  successfully 
flux  most  lead  ores,  however,  without  any  changes  or  addi- 
tions. 

146.  Either  5  or  10  g.  charges  of  ore  may  be  used.  The 
general  practice  in  the  Western   mining  States  is  to  use 
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5  g.  of  ore  and  run  duplicates.  The  method  is  as  follows :  Two 
5-g.  charges  of  ore  are  mixed  in  10-g.  clay  crucibles  with 
from  15  to  20  g.  of  lead  flux  apiece  (for  10  g.  of  ore  use  30  g. 
flux) ;  the  assay  is  then  covered  with  borax  and  the  fusion  is 
made  in  the  muffle  furnace.  Put  the  crucibles  into  the 
muffle  when  it  is  at  a  low  red  heat,  and  then  gradually  raise 
the  heat  to  a  full  red  at  the  finish.  This  will  avoid  danger 
of  boiling  over  and  will  give  higher  results  than  if  the  assay 
is  run  very  hot,  as  there  will  be  less  loss  from  volatilization. 
In  about  20  to  30 minutes  all  ** cooking"  will  cease  and  the 
charges  subside  to  a  quiet,  liquid  fusion.  The  heat  is  then 
raised  or  the  crucibles  are  set  back  into  the  hotter  part  of 
the  muffle,  and  they  are  left  in  for  a  few  minutes  longer,  in 
order  that  the  slag  may  become  thin  and  fluid.  They  are 
then  removed,  tapped  gently  on  the  edge  of  the  furnace  to 
collect  the  lead,  and  poured.  As  soon  as  the  charges  in  the 
mold  are  cool,  they  are  removed,  the  slag  is  broken  away 
from  the  buttons,  and  the  buttons  are  hammered  out  flat,  or 
if  large  may  be  hammered  into  cubes.  The  hammering  will 
free  them  of  slag.  They  should  be  soft  and  malleable.  If 
they  are  brittle,  they  contain  sulphur,  arsenic,  antimony, 
bismuth,  or  some  similar  element ;  copper  or  iron  makes  the 
buttons  hard;  any  impurity  makes  the  buttons  heavier  than 
they  should  be.  The  slag  should  be  clean  and  brittle  and 
should  contain  no  shots  of  lead. 

The  buttons  are  brushed  and  weighed.  They  should  agree 
within  about  \  per  cent.  (25  mg.  on  5-g.  charges).  The 
weighing  is  done  on  the  pulp  balance,  or,  better,  on  the 
analytical  balance,  as  no  such  great  delicacy  is  required  as 
to  necessitate  the  use  of  the  button  balance.  The  assay 
is  reported  in  per  cent. — that  is,  the  ore  contains  so  many 
per  cent,  of  lead.  The  figuring  is  very  simple,  particu- 
larly if  5-g.  charges  are  used.  The  weight  of  the  buttons 
is  added  and  the  sum  divided  by  the  total  weight  of  ore 
taken,  giving  the  percentage  of  lead  in  the  ore.  For  example, 
if  the  buttons  from  two  5-g.  charges  of  ore  weigh  3.73  g. 
and  3.75  g.,  respectively,  the  lead  contents  of  the  ore  are: 
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^'Y    ' —  =  -TTT  =  .748,  or  the  ore  contains  74. 85^  of  lead. 
5  +  5  10 

If  the  ore  runs  very  high  in  silver — several  hundred  ounces 
per  ton — the  buttons  should  be  cupelled  and  the  amount  of 
silver  determined  and  deducted  from  the  weight  of  the  lead. 
Small  amounts  of  silver  may  be  neglected. 

147.  To  assay  lead  by  the  fire  assay  and  get  good 
results  requires  very  careful  work  and  considerable  prac- 
tice. There  is  invariably  more  or  les.s  lead  lost  through 
volatilization,  and  the  results  of  the  assay  are,  consequently, 
always  somewhat  lower  than  the  actual  contents  of  the  ore, 
unless  the  button  contains  impurities.  How  to  keep  the 
loss  as  small  as  possible  is  the  problem  confronting  the 
assayer.  If  the  heat  is  too  high,  considerable  lead  is  vola- 
tilized ;  if  it  is  too  low,  on  the  other  hand,  the  assay  must 
be  kept  in  the  furnace  longer,  and  as  slow  volatilization  is 
constantly  going  on,  the  ultimate  result  is  apt  to  be  the 
same  as  though  the  heat  were  too  high.  The  proper  heat 
and  time  must  be  determined  by  experiment.  A  number 
of  assays  of  the  same  ore  with  the  same  charge  should  be 
run  under  different  conditions,  at  various  temperatures,  and 
for  different  lengths  of  time  at  the  same  temperature.  The 
highest  result  is  in  all  probability  the  most  nearly  correct, 
provided  the  button  is  pure  and  malleable ;  and  the  condi- 
tions under  which  it  was  obtained  should  be  adopted  for 
general  work. 

148.  Sulphides. — The  charge  given  in  Art.  146  is 
for  oxidized  ores — carbonates,  oxides,  sulphates,  etc.  If  the 
lead  is  in  the  form  of  a  sulphide  (galena)  or  is  associated 
with  other  sulphides,  iron  nails  or  wire  should  be  added  to 
the  charge,  as  in  the  crucible  assay  of  sulphide  ores  for  gold 
and  silver,  to  take  up  the  sulphur.  Two  tenpenny  nails  are 
usually  sufficient.  Potassium  cyanide  may  be  used  as  a 
desulphurizer  instead  of  iron,  but  it  is  very  dangerous  to 
handle  and  is  apt  to  reduce  other  metals  than  lead,  so  that 
most  assayers  prefer  to  use  nails. 
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149.  Lead  assays  may  be  run  in  the  wind  furnace  if 
desired,  although  the  muffle  furnace  is  much  more  conve- 
nient. If  run  in  the  wind  furnace,  the  crucibles  are  placed 
in  the  furnace  while  the  fire  is  low,  in  order  to  get  a  gradual 
heat,  and  fresh  fuel  is  piled  around  them.  The  fusion  takes 
from  15  to  25  minutes.  As  soon  as  they  are  quiet  they 
may  be  removed  and  poured,  and  the  buttons  cooled,  beaten 
out,  and  weighed  as  before.  The  heat  in  the  wind  furnace 
is  not  so  readily  controlled  as  in  the  muffle  furnace,  and  the 
results  of  lead  assays  run  in  this  way  are  consequently  less 
uniform  and  reliable  than  those  run  in  a  muffle  furnace. 


BXAMPLB8   FOR   PRACTICE.    ' 

1.  Ore  charges,  5  g.  each.     Weights  of  buttons,  2.47  and  2.5  g., 
respectively.     What  is  the  per  cent,  of  lead  in  the  ore? 

Ans.  49.7jg. 

2.  Ore  charges,  10  g.  each.     Weights  of  buttons,  6.98  and  6.89  g., 
respectively.     What  is  the  per  cent,  of  lead  in  the  ore? 

Ans.  e».l%. 


IVET  ASSAYS. 

1 50«  Assayers  are  frequently  called  upon  to  make  deter- 
minations of  other  elements  than  gold,  silver,  and  lead — 
elements  which  can  not  be  accurately  determined  by  the  fire 
assay,  and  for  the  determination  of  which  some  knowledge 
of  chemical  analysis  in  the  wet  way  is  necessary.  For 
example,  the  price  paid  for  ores  by  smelters  depends  upon 
the  amount  of  iron  oxide,  lime,  and  silica  they  contain,  as 
explained  in  Art.  8.  Manganese  oxide  acts,  up  to  a  certain 
point,  like  iron  oxide,  and  the  same  premium  is  paid  for 
both,  and  copper  in  ores  is  also  paid  for  if  present  in  any 
considerable  quantity ;  hence,  the  assayer  will  find  it  greatly 
to  his  advantage  to  be  able  to  perform  the  analyses  for  these 
substances.  The  wet  determination  of  lead  is  also  becoming 
quite  common  in  smelters  and  lead  works.  Zinc  is  quite  an 
important,  though  undesirable,  constituent  of  many  silver 
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and  gold  ores,  and  its  presence  and  amount  are  apt  to  affect 
the  value  of  the  ore  considerably;  the  method  commonly 
used  for  its  determination  is  therefore  given  here. 

151.  Volumetric  analyses  are  usually  considerably 
quicker  and  less  troublesome  than  gravimetric,  and  are 
therefore  used  wherever  possible  in  smelters  where  speed  is 
more  essential  than  absolute  accuracy.  It  must  not  be 
inferred  from  this  that  volumetric  determinations  are  not 
accurate.  Any  of  the  schemes  given  here  are  accurate  to  a 
small  fraction  of  1  per  cent.,  and  the  volumetric* assay  for 
some  elements  is  more  accurate  than  the  gravimetric.  There 
is  rather  more  room  for  error  in  volumetric  work,  as  a  slight 
variation  in  the  end  point  of  the  titration  or  a  change  in 
the  strength  of  the  standard  solution  may  make  a  slight 
difference  in  the  results;  but  such  errors,  if  the  chemist  is 
careful  and  standardizes  his  solutions  frequently,  are  so 
very  small  that  they  may  be  safely  neglected.  If  duplicate 
determinations  are  run,  any  considerable  error  could  not 
very  well  escape  notice.  The  average  result  of  the  duplicate 
determination  is  always  taken.  Duplicates  are  seldom  run 
in  gravimetric  work,  on  account  of  the  extra  work  involved 
and  the  small  probability  of  error.  The  final  result  in 
gravimetric  analysis  is  obtained  by  actually  weighing  the 
precipitate  containing  the  element  sought,  and  consequently, 
if  the  analysis  has  been  properly  conducted  and  no  error 
has  been  made  in  the  weighing  and  calculations,  the  result 
is  practically  absolute.  A  good  chemist  can  make  volu- 
metric determinations  check  very  closely  on  gravimetric 
work,  however,  and  for  smelter  work  extreme  accuracy  is 
unnecessary,  as  the  determinations  are  made  principally  for 
the  calculation  of  the  furnace  charge,  the  results  of  which 
are  only  approximate  at  best. 

In  all  analyses,  in  order  that  ores  may  be  in  the  best  con- 
dition to  be  acted  upon  by  acids,  they  must  be  pulverized  as 
finely  as  possible.  This  is  accomplished  by  grinding  or 
rubbing  in  an  agate  mortar,  treating  only  a  few  grams  of 
ore  at  one  time.     The  pulverization  should  be  carried  on 


until  the  ore  is  in  the  form  of  an  impalpable  powder,  that 
is,  until  no  gritty  feeling  can  be  noticed  when  a  small  portion 
is  rubbed  between  the  thumb  and  fingers. 


APPARATUS. 

1 52.  The  list  of  apparatus  given  here  includes  only  such 
articles  as  are  absolutely  necessary  to  properly  perform  the 
analyses  following.  The  chemicals 
necessary  will  not  be  described  sepa- 
rately, but  will  be  mentioned  in  their 
proper  places  in  the  descriptions  of  the 
methods  of  analysis,  and  a  table  of 
proportions  for  the  mixing  of  reagents 
is  given  in  Art.  252. 

1  53.  Beakers.  —  Glass  beakers 
are  necessary  for  holding  solutions. 
They  are  made  of  thin,  tough  glass 
which  will  stand  considerable  heat,  so  P'"-  **■ 

that  solutions  can  be  boiled  in  them.  They  come  in  "nests" 
of  six,  as  shown  in  Fig.  3C.  The  smallest,  or  No.  1,  beaker 
will  hold  about  100  c.  c,  while  the  largest,  or  No.  C,  has  a 
capacity  of  1  liter  (1,000  c.  c).  The  form  with  the  lip  for 
pouring,  as  shown  in  the  figure,  is  most  convenient  for 
general  work,  but  are  somewhat  more  expensive  than  the 
form  without  a  lip, 

154.  Casseroles. — Porcelain  casseroles.  Fig.  37,  are 
used  for  dissolving  ores  in  acids.  They  are  particularly 
useful  when  the  solution 
must  be  evaporated  down 
to  dryness,  as  with  care 
they  will  stand  this  opera- 
tion without  any  danger 
of  cracking,  whereas  beak- 
"  ^'  ers  would  be  very  liable  to 

crack  as  soon  as  the  solutions  in  them  are  boiled  dry. 
Casseroles  come  in  various  sizes.     The  2,  3,  or  4  ounce  sizes 


are  most  convenient  for  ordinary  work,  as  the  ore  can  be 
well  covered  without  using  an  excess  of  acid. 

156<  Flasks. — Flasks  of  the  shape  of  the  wash-bottle 
shown  in  Pig.  34,  made  of  the  same  kind  of  glass  as  the 
beakers,  are  useful  for  various  purposes — 
dissolving  ores,  receiving  solutions,  etc. 
The  4,  8,  and  16  ounce  sizes  are  most  con- 
venient. 

Fig.  '^8  illustrates  an  Erlenmeyer  flask 
which  is  very  handy  for  precipitating  solu- 
tions in  and  for  general  analytical  work,  on 
account  of  the  large  flat  bottom  which  is 
exposed  to  the  action  of  the  hot  plate  or 
Fig.  »8.  sand-bath  and  owing  to  the  fact  that  any 

precipitate  forming  in  the  solution  in  the  flask  has  a  tend- 
ency to  fall  away  from  the  sides  and  on  to 
the  bottom  of  the  iiask. 

Small  flasks  of  this  shape  are  sometimes 
used  in  the  copper  determination. 

156.  Funnels. — Glass  funnels  are 
necessary  for  making  flitrations.  The 
an^le  between  the  sides  should  be  60°, 
and  the  stem  should  be  ground  off  at  an 
angle,  as  shown  in  Fig.  39,  to  draw  the 
stream  off  to  one  side,  lessening  the  capil- 
lary attraction  betweea  the  tube  and  the 
solution,  and  consequently  hastening  the 
filtration.  Pio.  at. 

157.  Watch-Glasses. — Watch-glasses,    Fig.    30,    are 
_  handy  for  covering  beakers,  cas- 
seroles, and  funnels,  and  for   re- 
ceiving weighed  charges  of  ore  or 

''"'■  **'  chemicals,  precipitates,  etc.     Like 

the  beakers,  they  come  in  assorted  sizes. 

158.  Burettes. — Burettes  are  graduated  glass  tubes 
fitted  with  glass  stop-cocks,  as  shown  in  Fig.   31  at  {a),  or 
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with  rubber  hose  connections  and  pinch-cocks,  as  shown  at  (b), 
from  which  standard  solutions  are  run  into  solutions  to  be  tit- 
rated or  tested  volu- 
metrically  for  certain 
elements.  They 
come  in  25,  50,  and 
100  c.  c.  sizes  gradu- 
ated to  -^  c.  c.  The 
50-c.  c.  size  is  most 
convenient. 

1 59.  S  p  o  t  - 
Plate.  —  The  spot- 
plate  is  an  oblong 
plate  of  white  porce- 
lain, with  a  number 
of  small  depressions 
in  its  surface  for 
receiving  the  indi- 
cator solutions  used 
in  some  titrations. 
A  few  drops  of  the 
indicator  solution  are 
put  into  each  depres- 
sion by  the  use  of  a 
dropping  tube; then, 
as  the  standard  so- 
lution is  run  into 
the  solution  under 
examination,  the  lat- 
ter is  tested  from  ^®-  ^• 
time  to  time  for  excess  of  the  standard  solution,  by  taking 
a  drop  out  on  the  end  of  a  stirring  rod  and  adding  it  to  the 
indicator  solution  in  one  of  the  depressions.  As  soon  as  the 
standard  solution  is  in  the  slightest  excess  over  the  amount 
necessary  to  convert  the  element  sought  in  the  solution 
under  examination,  a  drop  of  the  latter  solution  will  cause  a 
characteristic  reaction  when  added  to  the  indicator  solution. 


N.  M.    1I.—29 
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160.  Crucibles.  —  Porcelain  and  platinum  crucibles 
are  necessary  for  making  fusions  and  igniting  (heating  at  a 
high  heat)  precipitates. 

161.  Graduates.  —  Glass  graduates  are  necessary 
for   measuring  acids,  etc.      They  may  be  had  in  various 

shapes  and  sizes.  A  graduate  with  straight 
sides,  as  shown  in  Fig.  33,  is  most  conve- 
nient. They  may  be  had  in  sizes  varying 
from  50  to  500  c.  c. 

162.  TitrptlpK  DI»li — A  flat,  shallow, 
white  porcelain  dish,  of  about  1  quart  capac- 
ity— an  ordinary  ironstone  porcelain  vegetable 
dish  answers  very  well — is  very  convenient 
for  making  titrations,  as  the  end  point  shows 
sharply  against  the  white  porcelain.  A  sheet 
of  white  paper  behind  a  beaker  will  serve 
Fio,  K.  the  same  purpose. 

163.  Filter  and  Burette  Stands. — Wooden  or  iron 
stands  are  necessary  for  holding  funnels  and  burettes 
while  filtering  and  titrating,  A  wooden  burette  stand  is 
shown  in  Fig.  31.  The  filter  stand  is  somewhat  similar,  but 
has  conical  holes  cut  in  the  cross-bar  for  the  funnels.  Some- 
times racks  are  used  that  will  hold  several  funnels. 

164.  Filter  Paper. — Filter  paper  is  tough,  porous 
paper,  used  for  filtering  solutions.  It  may  be  obtained  in 
circular  sheets  of  various  sizes,  in  packages  of  100.  The 
sheets  are  folded  to  fit  into  the  funnel.  The  folding  is  done 
as  folloi 


\h<^ 


Fold  over  along  the  diameter,  as  at  a,  Fig.  33;  fold  again, 
to  corner,  as  at  ^;  then  open  out  into  form  a  again, 
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fold  one  corner  and  outside  edge  in  to  the  center  line,  and 
turn  the  paper  over  and  fold  the  other  corner  in  the  same 
way  on  the  other  side,  as  at  c.  The  filter  will  then  open  out 
into  the  form  rf,  which  fits  exactly  into  the  funnel.  After 
placing  it  in  the  funnel  and  moistening  with  water  to  make 
it  stick  to  the  sides  of  the  funnel,  it  is  ready  for  filtering, 

165.  For  use  in  quantitative  work  where  the  filter  paper 
has  to  be  burned  or  ignited  with  the  precipitate,  it  is  neces- 
sary that  the  weight  of  the  ash  of  the  filter  should  be  known. 
There  are  two  methods  of  accomplishing  this.  One  is  to 
employ  what  are  known  as  ashless  or  acid-washed  filters. 
These  are  filter  papers  which  have  been  washed  with  hydro- 
chloric and  hydrofluoric  acids,  thus  removing  the  solid  por- 
tion of  the  ash  and  leaving  practically  nothing  but  carbon 
in  the  filter  paper,  so  that  it  will  burn  without  leaving  any 
ash.  The  other  method  is  to  determine  accurately  the 
weight  of  the  ash  of  the  filter  paper,  and  then  to  subtract 
this  weight  from  the  amount  obtained  after  igniting  each 
precipitate  upon  its  filter  paper.  Such  filter  papers  can  be 
bought  in  packages  of  100,  with  the  weight  of  the  ash  that 
each  sheet  will  produce  stamped  on  the  back  of  the  package. 
Where  very  accurate  work  is  desired, the  chemist  can  deter- 
mine the  weight  of  his  own  filter  papers  by  burning  three  or 
four  down  to  a  white  ash  in  an  accurately  weighed  porcelain 
or  platinum  crucible.  The  crucible  containing  the  ash  is 
then  weighed,and  the  increase  in  weight  over  the  weight  of 
the  crucible  alone  is  the  weight  of  the  ash.  This  amount 
divided  by  the  number  of  filter  papers  used  gives  the  weight 
of  the  ash  from  each  filter.  Ashless  or  acid-washed  filters 
can  be  tested  in  the  same  way,  and  three  or  four  of  them 
should  give  such  a  small  amount  of  ash  that  it  would  not 
give  any  perceptible  increase  in  the  weight  of  the  crucible. 

166.  Wash-Bottle. — The  chemist  has  constant  use 
for  distilled  water.  The  water  for  immediate  use  is  kept  in  a 
large  flask  or  **  wash-bottle,"  of  16  to  32  ounces  capacity, 
with  two  tubes  passing  through  the  cork  and  arranged  so 
that  on  blowing  in  one  the  air-pressure  forces  the  water  up 
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and  out  through  the  other,  which  is  drawn  out  to  a  fine  jet 
at  the  tip.  Fig.  34  shows  the  wash-bottle  and  the  arrange- 
ment of  the  tubes.     The  air-tube  need  only  extend  through 

the  cork.  The  long  water-tube  should 
extend  nearly  to  the  bottom  of  the  flask, 
so  that  it  will  remain  under  water  even 
when  the  water  in  the  flask  gets  very  low. 
A  good  plan  is  to  stop  the  glass  tube  an 
inch  or  two  from  the  bottom,  and  then  put 
on  a  short  piece  of  rubber  tubing,  as  shown 
in  the  figure,  extending  to  the  bottom,  or 
barely  clearing  it.  This  avoids  the  risk  of 
pushing  the  tube  through  the  bottom  of  the 
Pig.  84.  flask  when  putting  in  the  cork.     A  flexible 

joint  of  rubber  tubing  at  the  jet,  as  shown,  is  also  convenient 
for  directing  the  stream.  Ordinary  flasks  may  be  used  for 
wash-bottles,  but  specially  made  flasks,  with  a  heavy  ring 
around  the  mouth  to  bear  tight  corking,  are  stronger  and 
better.  The  neck  may  be  wrapped  with  twine  for  handling 
when  the  water  is  hot.  When  boiling  water  in  a  wash-bottle, 
the  cork  should  always  be  loosened  and  set  up  on  the  edge 
of  the  mouth,  or  the  pressure  of  the  steam  will  force  the 
water  out  through  the  jet,  little  by  little,  the  air-tube  being 
so  small  that  the  steam  does  not  escape  fast  enough  to  keep 
the  pressure  in  the  flask  down  to  atmospheric  pressure. 


167.  Stirring  Rods. — Glass  stirring  rods,  of  assorted 
lengths  and  sizes — say  from  3  to  8  inches  long  and  from 
^  to  ^^  inch  in  diameter — are  essential  in  the  laboratory.  A 
short  piece  of  rubber  hose  on  the  end  of  the  rod  will  prevent 
it  from  being  pushed  through  the  bottom  of  the  beaker.  The 
rods  may  be  bought  of  the  proper  size,  or  the  chemist  may 
buy  the  glass  in  3  or  6  foot  lengths  and  make  his  own  rods. 
To  break  the  glass  rod,  make  a  scratch  with  a  file  at  the 
point  where  it  is  desired  to  break  it,  grasp  the  rod  with  both 
hands,  one  hand  on  each  side  of  the  file  mark,  and  close  the 
thumbs  together,  on  the  side  of  the  rod  opposite  the  mark, 
and  break  by  pressing  up  with  the  thumbs.  The  broken  ends 
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may  be  made  round  and  smooth  by  heating  with  the  blow- 
pipe or  in  the  blue  flame  of  a  Bunsen  burner.  Stirring 
rods  may  also  be  made  from  glass  tubing  by  closing  the 
ends  of  the  tubing  in  the  Bunsen  flame  or  with  the  blowpipe 
flame.  A  glass  rod  with  a  piece  of  rubber  on  the  end  is 
sometimes  called  a  ** policeman,"  and  may  be  used  for 
removing  precipitates  from  beakers  or  other  dishes. 

168.  Bunsen  Burners,  Tripods,  Etc.  —  Bunsen 
burners  and  tripods  with  wire  gauze  and  asbestos  cloth  are 
essential  for  heating  water  and  solutions.  Every  laboratory, 
moreover,  should  be  supplied  with  an  exhaust  hood,  under 
which  all  boiling  with  acids  should  be  done.  The  hood  is 
simply  a  small  chamber  connected  by  a  flue  with  the  outside 
air,  to  draw  off  disagreeable  and  poisonous  fumes  and  pre- 
vent their  spreading  through  the  laboratory.  An  iron  heat- 
ing table  or  *'hot  plate"  and  a  large  gas-burner  are  neces- 
sary under  the  hood  if  much  work  is  to  be  done,  and  are 
very  convenient  under  any  circumstances. 

169.  Sink  and  Slop- Jar. — Every  laboratory  should 
have  a  sink  and  faucet  in  connection  with  or  convenient  to 
the  working  desk.  A  five-gallon  earthenware  jar  should  be 
set  under  or  alongside  the  desk,  to  receive  washings,  spent 
solutions,  etc. 

IRON  DETERMINATION. 

1 70.  The  two  methods  most  commonly  used  in  smelters 
and  metallurgical  works  for  the  determination  of  iron  are 
both  volumetric — one  by  titration  with  a  standard  solution 
of  potassium  permanganate  {K^Mn^O^^  and  the  other  by 
titration  with  a  standard  solution  of  potassium  bichromate 
{KjCrfi^.  They  are  about  equally  used,  hence  both  are 
given  here.  The  two  methods  are  very  similar  in  their 
reactions,  both  depending  upon  the  fact  that  the  reagent 
used  for  titrating  is  an  oxidizer,  and  when  added  to  a  solu- 
tion of  a  ferrous  salt  converts  it  into  a  ferric  salt.  Thus, 
in  the  permanganate  method,  ferrous  sulphate  {FeSO^  is 
converted    or    oxidized    by    the    permanganate    to    ferric 
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sulphate  [^^^(SO^)^],  and  in  the  bichromate  method  ferrous 
chloride  (FeC/^)  is  converted  by  the  bichromate  to  ferric 
chloride  (Fe^C/^), 

PREPARING  THR  STANDARD  SOLUTIONS. 

171.  A  normal  solution  of  potassium  permanganate  or 
of  potassium  bichromate  is  a  solution  each  cubic  centimeter 
of  which  contains. just  enough  of  the  reagent  to  oxidize 
10  mg.  of  iron  from  the  ferrous  to  the  ferric  state.  With 
ore  charges  of  1  g.  (1,000  mg.),  then,  each  c.  c.  of  a  normal 
solution  of  permanganate  or  bichromate  will  oxidize  1  per 
cent,  of  iron.  Standard  solutions  are  usually  of  approx- 
imately this  strength. 

172*  Permanganate  Solution. — To  prepare  an 
approximately  normal  solution  of  potassium  permanganate, 
dissolve  5.6  g.  of  pure  crystallized  permanganate  in  1  liter 
(1,000  c.  c.)  of  distilled  water.  Place  the  solution  in  a  glass- 
stoppered  bottle  and  shake  from  time  to  time  until  ready 
for  use.  The  solution  should  be  made  up  at  least  48  hours 
before  standardizing. 

173.  Bichromate  Solution. — The  standard  bichro- 
mate solution  is  usually  made  approximately  a  half-normal 
solution — that  is,  1  c.  c.  of  the  solution  will  oxidize  about 
5  mg.  of  iron.  The  end  point  in  this  method  is  very  sharp, 
and  there  is  less  danger  of  running  beyond  it  with  a  weak 
solution  than  with  a  strong  one,  in  which  each  drop  contains 
two  or  three  times  as  much  bichromate  as  a  drop  of  the 
weak  solution.  Some  chemists  recommend  using  a  strong 
solution  (normal  or  even  somewhat  stronger)  until  nearly  to 
the  end  point,  and  then  finishing  the  titration  with  a  deci- 
normal  (^jj^-normal)  solution  (1  c.  c.  of  solution  =  1  mg.  of 
iron).  The  half-normal  solution  is  dilute  enough,  however, 
and  its  use  obviates  the  necessity  of  making  up  two  solu- 
tions and  of  taking  two  separate  readings  of  the  burette 
for  each  titration  and  figuring,  up  the  amount  of  iron 
oxidized  by  each  solution.  The  half -normal  solution  is  pre- 
pared by  dissolving  4.39  (or,  roughly,  4.4)  g.  of  pure  potas- 
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siiim  bichromate  in  1  liter  of  distilled  water.  Like  the 
permanganate  solution,  the  solution  should  be  allowed  to 
stand  for  a  day  or  two  before  standardizing. 


STANDARDIZING  THB  SOLUTIONS. 

1 74.  To  standardize  the  solutions,  a  solution  containing 
a  known  weight  of  iron  is  titrated  with  the  standard  solution 
whose  strength  is  to  be  determined.  The  weight  of  iron  in 
the  solution  divided  by  the  number  of  cubic  centimeters  of 
the  standard  solution  used,  up  to  the  end  point,  gives  the 
weight  of  iron  which  each  c.  c.  of  the  solution  will  oxidize. 
The  iron  used  is  in  the  form  of  piano  wire,  which  contains 
99. 7  per  cent,  of  pure  iron.  The  wire  should  be  well  rubbed 
with  fine  sandpaper  or  emery-paper  before  weighing  out,  to 
remove  dirt  and  the  shellac  with  which  it  is  sometimes 
covered  to  prevent  rusting.  The  pieces  for  weighing  are 
cut  off  and  coiled  around  a  lead-pencil  to  get  them  into  con- 
venient shape  for  weighing,  which  is  very  carefully  done  on 
the  button  balance. 

Two  separate  iron  solutions  are  always  run  for  standard- 
izing, and  the  average  result  of  the  two  (if  they  check 
within  reasonable  limits)  is  accepted  as  the  standard  of  the 
solution.  (If  they  do  not  check  properly,  the  work  must  be 
repeated.)  The  charges  of  wire  are  intentionally  made  to 
differ  by  from  20  to  50  mg.  in  weight;  this  makes  accurate 
work  necessary  in  order  to  get  good  checks,  whereas,  if  the 
two  charges  were  of  very  nearly  the  same  weight,  there 
might  be  a  perfectly  unintentional  and  unconscious  **  jug- 
gling" of  results,  to  make  them  agree  whether  they  will 
or  not. 

The  methods  of  standardizing  both  solutions  are  as  follows : 

175.  Permanganate  Solution. — Weigh  up  accu- 
rately two  portions  of  piano  wire  of  about  200  and  250  mg., 
respectively.  Place  each  in  a  250-c.  c.  flask  or  beaker  and 
add  10  c.  c.  of  dilute  sulphuric  acid — concentrated  HJSO^ 
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will  not  dissolve  iron — and  10  drops  of  hydrochloric  acid.* 
Heat  gently  until  the  iron  is  completely  dissolved,  adding 
more  H^SO^  and  another  drop  of  HCl  if  necessary.  The 
solution  will  take  only  a  few  minutes.  As  soon  as  the  iron 
is  all  dissolved,  dilute  the  contents  of  the  flask  up  to  about 
200  c.  c.  with  distilled  water. 

1 76«  More  or  less  of  the  iron  will  be  oxidized  to  ferric 
sulphate  during  the  solution,  and  this  must  be  reduced  to 
ferrous  sulphate  before  titrating.  To  reduce  the  solution, 
add  2  or  3  g.  of  pure  granulated  zinc,  and  let  the  solution 
stand  for  a  short  time.  The  hydrogen  liberated  by  the 
action  of  the  acid  on  the  zinc  reduces  the  ferric  sulphate  to 
ferrous  sulphate.  The  solution,  which  is  at  first  tinged 
yellowish  by  the  ferric  sulphate,  soon  becomes  perfectly 
colorless.  Very  small  amounts  of  ferric  salts  do  not  color 
the  solutions  perceptibly;  hence,  to  be  absolutely  certain 
that  all  the  iron  is  reduced,  the  solution  should  be  tested 
with  a  weak  solution  of  potassium  sulphocyanate  {KCNS) 
or  of  the  corresponding  sodium  or  ammonium  salt.  A  few 
drops  of  sulphocyanate  solution  are  put  into  the  depressions 
of  the  spot-plate,  and  a  drop  of  the  iron  solution  is  taken 
out  on  the  end  of  a  stirring  rod  and  added  to  the  sulphocy- 
anate on  the  spot-plate.  Ferrous  salts  do  not  affect  the 
color  of  the  sulphocyanates,  so  that  if  the  iron  is  completely 
reduced  there  will  be  no  reaction;  if  there  is  the  least  trace 
of  ferric  salt  present  in  the  solution,  however,  a  drop  of  the 
iron  solution  added  to  the  sulphocyanate  on  the  spot-plate 
causes  a  strong  and  characteristic  red  coloration.  If,  then, 
the  test  gives  a  red  coloration,  the  reduction  is  incomplete, 
and  must  be  continued  until  the  sulphocyanate  no  longer 
gives  any  reaction  on  the  addition  of  the  iron  solution. 


•  The  HCl  is  added  merely  in  order  to  have  the  conditions  in  the 
standardization  as  nearly  as  possible  the  same  as  the  conditions  in 
regular  determinations,  in  which  it  is  necessary  to  use  some  HCl  in  dis- 
solving the  ore.  HCl  has  a  tendency,  if  there  is  much  of  it  present  in 
the  solution — and  particularly  if  the  solution  is  warm — to  decompose 
the  permanganate  and  cause  a  high  result.  By  using,  however,  as  little 
excess  of  HCl  as  possible  in  dissolving  the  ore,  and  then  diluting  the 
solution  up  largely,  adding  a  considerable  excess  of  H^SOa  and  titrating 
the  solution  cold,  the  effect  of  the  HCl  can  be  completely  counteracted. 
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177.  As  soon  as  the  reduction  is  complete  and  the 
excess  of  zinc  has  entirely  dissolved,  the  titration  should  be 
proceeded  with  immediately ;  if  allowed  to  stand  very  long 
exposed  to  the  air,  some  of  the  iron  will  reoxidize.  Transfer 
the  contents  of  the  flasks  to  No.  6  beakers,  rinsing  out  the 
flasks  well  with  distilled  water,  and  add  20  c.  c.  of  dilute 
H^SO^y  or  a  correspondingly  smaller  quantity  of  concen- 
trated H^SO^^  pouring  in  slowly  and  stirring  constantly  to 
prevent  spurting.  Concentrated  acid  has  the  disadvantage 
that  it  heats  the  solution  considerably.  (The  excess  of 
H^SO^  is  necessary  in  the  solution,  both  to  promote  the 
desired  reactions  and  to  counteract  the  HCl.)  Next  dilute 
the  solution  up  to  about  700  c.  c.  in  bulk  with  distilled 
water.     It  is  now  ready  for  titration. 

1 78.  Fill  your  burette  exactly  to  the  zero-point  with 
the  standard  solution.  The  burette  should  always  be  rinsed 
out  with  distilled  water  before  using,  and  then  a  few  c.  c.  of 
the  standard  solution  should  be  run  through  it  and  thrown 
away  before  filling  it  with  the  solution.  When  everything 
is  ready,  pour  off  a  little  of  the  iron  solution  into  a  small 
beaker,  to  hold  in  reserve,  and  titrate  the  main  portion, 
either  in  the  beaker  or  in  a  titrating  dish.  At  first  several 
c.  c.  of  the  standard  solution  may  be  run  in  at  a  time,  stir- 
ring briskly  all  the  while.  As  the  end  point  approaches, 
proceed  more  cautiously,  adding  a  few  drops  at  a  time.  As 
the  permanganate  strikes  the  iron  solution  it  becomes  first 
brown  and  then  colorless.  The  action  becomes  slower  and 
the  brown  less  intense  towards  the  end  point,  and  as  soon  as 
the  end  point  is  passed,  the  permanganate  no  longer  breaks 
up  and  decolorizes  on  entering  the  iron  solution,  but  retains 
its  purple  color,  tingeing  the  iron  solution  a  faint  pink.  The 
end  point  may  be  safely  passed  in  the  first  titration,  as  there 
is  more  than  enough  solution  in  reserve  to  bring  it  back. 
This  reserve  is  now  added,  rinsing  the  beaker  out  thoroughly 
with  distilled  water,  and  the  titration  is  finished  very  care- 
fully, drop  by  drop.  The  end  point  is  reached  when  a  sin- 
gle drop  of  the  standard  solution  added  to  the  iron  solution 
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causes  a  faint,  permanent,  pink  tinge  (a  pink  tinge  lasting 
1  minute  may  be  considered  as  '* permanent"  for  purposes 
of  comparison).  Every  chemist  has  his  own  particular  end 
point,  but  whatever  tinge  is  adopted  for  the  end  point  when 
standardizing,  the  same  tinge  must  be  used  as  the  end  point 
of  all  titrations  with  that  solution.  The  paler  the  tinge 
accepted  as  the  end  point,  the  more  nearly  exact  will  be  the 
result  of  the  analysis,  as  the  actual  end  point  is  not  the 
point  at  which  the  color  shows,  but  is  one  drop  or  a  portion 
of  a  drop  short  of  that  point,  when  all  the  iron  is  oxidized, 
but  there  is  no  free  permanganate  in  the  solution. 

179.  The  other  solution  is  titrated  in  the  same  way, 
and  the  results  of  the  two  titrations  are  calculated  and  aver- 
aged to  obtain  the  standard  of  the  permanganate  solution. 
The  following  examples  will  illustrate  the  method  of  calcu- 
lation better  than  a  long  verbal  explanation:  Suppose  the 
two  charges  of  iron  wire  weighed  0.2054  g.  and  0.2396  g., 
respectively,  and  'the  titrations  consume  19.9  c.  c.  and 
23.3  c.  c.  of  permanganate  solution,  respectively.  Then  we 
have  (see  Art.  174) 

0.2054  X  0.997  =  0.20478  g.  of  pure  iron  in  first  solution, 
and 

0;239G  X  0.997  =  0.23888  g.  of  pure  iron  in  second  solution. 

In  the  titration  of  the  first  solution,  therefore,  19.9  c.  c.  of 

permanganate  solution  oxidize  0.20478  g.  of  iron,  or  each 

0  20478 
cubic  centimeter  of  permanganate  solution  oxidizes    '  = 

J.  t*. «/ 

0.01029  g.  (or  10.29  mg.). 

In  the  titration  of  the  second  solution,  23.3  c.  c.  of  perman- 
ganate solution  oxidize  0.23888  g.  of  iron,  or  each  cubic  cen- 
timeter oxidizes -^-^7  -  =  0.01025  g.  (or  10.25  mg.). 

The  average  of  these  two  results  is  the  standard  of  the  solu- 

_        0.01029  +  0.01025       ^^.^^^  ,     .. 

tion.   Thus, =  0.01027  g.  =  amount  of  iron 

At 

each  cubic  centimeter  of  the  standard  solution  will  oxidize. 
The   bottle   containing   the   solution   is   then   labeled  with 
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the   name   or   formula  {K^Mnfi^  of  the  solution  and  the 
standard,  thus: 


Potassium  Permanganate. 
1  c.  c.  =  0.01027  g.  Fe, 


1 80«  The  solution  should  be  kept  in  a  cool,  dark  place 
when  not  in  use,  as  it  slowly  decomposes  and  loses  strength 
if  exposed  to  the  light.  (A  closet  under  the  table  or  sink  is 
very  convenient  for  standard  solutions  and  other  chemicals 
which  are  sensitive  to  the  light.)  It  should  be  restandard- 
ized  every  few  weeks,  as  the  strength  changes  slightly  with 
time.  If  it  is  restandardized  two  or  three  weeks  after  the 
first  standardization,  the  results  will  show  how  fast  it  is 
changing  strength,  and  from  this  the  chemist  will  know 
about  how  often  it  will  be  necessary  to  restandardize  the 
solution. 

181.  Bichromate  Solution.  —  For  titration  with 
potassium  bichromate,  the  iron  may  be  in  solution  as  either 
ferrous  sulphate  or  ferrous  chloride.  Two  charges  of  piano 
wire,  of  between  100  and  200  mg.  each,  are  weighed  up  care- 
fully, placed  in  250  c.  c.  flasks  or  beakers,  and  dissolved  by 
boiling  in  either  dilute  sulphuric  acid,  as  in  the  permanga- 
nate method,  or  dilute  hydrochloric  acid  (5  c.  c.  concentrated 
^C/and  20  c.  c.  distilled  water).  The  solutions  are  diluted  up 
to  about  200  c.  c.  each,  the  iron  reduced  by  one  of  the  methods 
mentioned  below,  and  then  the  solution  transferred  to  large 
beakers,  diluted  up  to  about  500  c.  c.  each,  and  titrated. 
The  method  of  titration  is  the  same  whether  hydrochloric  or 
sulphuric  acid  is  used  in  the  solution.  If.  the  iron  is  in  the 
form  of  sulphate,  however,  it  must  be  reduced  either  by 
means  of  zinc,  as  in  the  permanganate  method,  or  by  intro- 
ducing several  grams  of  granulated  lead  into  the  solution 
and  boiling  until  the  reduction  is  complete;  while  ferric 
chloride  in  solution  may  be  reduced  by  either  of  these 
methods,  or  much  more  quickly  by  means  of  a  moderately 
strong  solution  of  stannous  chloride  (SnC/^  =  bichloride 
of  tin). 
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182.  The  reduction  with  granulated  lead  is  accom- 
plished as  follows:  The  solution  is  first  heated  nearly  to 
boiling  over  a  Bunsen  burner,  and  then  about  6  g.  of  test 
lead  are  added.  The  solution  is  then  boiled  for  some  time. 
The  yellow  tinge  gradually  fades  and  the  solution  finally 
becomes  perfectly  clear.  At  this  point  add  6  g.  more  of 
test  lead.  Then  test  the  solution  from  time  to  time  with 
sulphocyanate,  as  in  the  reduction  by  zinc.  As  soon  as  the 
solution  is  completely  reduced  and  no  longer  gives  a  ferric 
reaction  with  the  sulphocyanate,  it  is  poured  off  from  the 
lead  into  a  large  beaker.  The  lead  is  washed  several  times 
and  the  washings  are  added  to  the  main  solution.  The 
solution  is  then  diluted  and  titrated. 

183.  The  reduction  by  means  of  stannous  chloride  is 
very  quick  and  simple.  The  solution  is  warmed  and  then  a 
dilute  solution  of  stannous  chloride  is  added,  drop  by  drop, 
stirring  after  each  drop,  until  the  iron  solution  becomes 
colorless.  A  few  drops  are  usually  sufficient.  After  the 
solution  has  become  perfectly  clear  and  colorless,  add  one 
more  drop  of  stannous  chloride,  to  make  complete  reduction 
certain  (or  test  the  solution  with  sulphocyanate  to  see  that 
iron  is  all  reduced).  The  slight  excess  of  stannous  chloride 
must  then  be  oxidized  by  the  addition  of  a  large  excess  of 
mercuric  chloride.  About  20  c.  c.  of  a  saturated  solution  of 
mercuric  chloride  are  added,  all  at  once — and  immediately 
after  the  final  drop  of  stannous  chloride — to  the  iron  solution, 
which  should  be  stirred  rapidly  to  distribute  the  mercuric 
chloride  quickly  throughout  the  entire  solution.  The  mer- 
curic chloride  instantly  oxidizes  the  stannous  chloride  to 
stannic  chloride,  and  is  itself  reduced,  forming  a  dense, 
curdy,  white  precipitate  of  mercurous  chloride.  This  pre- 
cipitate does  not  interfere  in  any  way  with  the  subsequent 
reactions.  The  mercuric  chloride  must^  however,  be  added 
suddenly  and  in  great  excess;  if  it  is  not  in  considerable 
excess  or  is  added  slowly — which,  as  the  reaction  between 
the  stannous  chloride  and  the  mercuric  chloride  is  almost 
instantaneous,  has   the  same  effect  as  adding  it  in  small 
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quantity — the  stannous  chloride  will  reduce  part  or  all  of  it 
to  gray,  metallic  mercury,  and  not  only  is  it  then  impossible 
to  tell  with  absolute  certainty  whether  the  stannous  chloride 
is  completely  oxidized,  but  the  mercury  renders  the  result 
of  the  titration  unreliable.  If  the  precipitate  is  perfectly 
white,  the  chemist  is  absolutely  certain  that  the  oxidation 
of  the  stannous  chloride  is  complete,  and  that  his  results,  if 
the  rest  of  the  work  has  been  done  carefully,  are  correct; 
but  if  there  is  even  the  faintest  tinge  of  gray,  there  is  room 
for  doubt  both  as  to  the  completeness  of  the  oxidation  and 
as  to  the  accuracy  of  the  work. 

1 84.  As  soon  as  the  reduction  is  complete,  the  solution 
is  diluted  up  to  about  500  c.  c.  with  distilled  water,  and 
about  5  c.  c.  of  strong  HCl  are  added.  A  reserve  portion 
is  poured  off  and  the  main  solution  is  then  titrated.  The 
bichromate  solution  is  run  in  from  the  burette,  rapidly 
at  first,  and  stirring  meanwhile.  The  solution,  which  was 
colorless  at  first — or  white  if  it  was  reduced  by  stannous 
chloride — soon  acquires  a  pale-green  tint,  which  becomes 
darker  as  more  bichromate  is  added.  Should  it  turn  brown, 
more  HCl  should  be  added.  After  the  color  becomes  dark 
green,  the  bichromate  should  be  added  more  carefully,  and 
the  iron  solution  should  be  tested  after  each  addition  by 
adding  a  drop  of  it  to  an  indicator  solution  of  potassium 
ferricyanide  on  the  spot-plate.  (The  ferricyanide  solution 
should  not  be  too  strong  and  should  be  free  from  ferro- 
cyanide  J)  Ferricyanide  gives  a  blue  precipitate  with  solu- 
tions of  ferrous  salts,  even  in  the  most  minute  quantities, 
but  is  not  affected  by  ferric  salts;  consequently,  the  indi- 
cator solution  will  turn  deep  blue  with  the  first  additions  of 
the  iron  solution,  but  the  blue  coloration  will  become  paler 
and  paler  as  the  titration  proceeds  and  the  bichromate 
solution  oxidizes  more  and  more  of  the  iron,  and  when  the 
last  trace  of  the  ferrous  iron  is  oxidized  to  the  ferric  state, 
it  will  cease  entirely.  The  point  at  which  the  blue  colora- 
tion ceases,  therefore,  marks  the  end  of  the  titration.  The 
end  point  may  be  passed  in  titrating  the  main  solution,  as 
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in  the  permanganate  method;  then  add  the  reserve  solu- 
tion, rinsing  the  beaker  out  carefully  with  distilled  water 
and  adding  the  rinsings  to  the  main  solution,  and  titrate 
very  carefully,  drop  by  drop,  to  the  final  end  point.  Titrate 
the  second  solution  in  the  same  way.  The  solutions  may 
be  titrated  either  warm  or  cold ;  they  should  both  be  titrated 
at  about  the  same  temperature,  however,  and  the  tempera- 
ture adopted  in  the  standardization  of  a  solution  should  be 
retained  in  all  subsequent  determinations  with  that  solution. 

185.  The  results  are  calculated  exactly  as  in  the  per- 
manganate standardization:  the  weight  of  iron  in  the  solu- 
tion divided  by  the  number  of  cubic  centimeters  of 
standard  solution  used  equals  the  strength,  or  standard,  of 
each  c.  c.  of  the  standard  solution.  As  before,  the  average 
of  the  two  determinations  is  taken  as  the  standard  of  the 
solution.  

TRBATMBNT  OF  IRON  ORBS. 

186.  Most  iron  ores  will  yield  all  their  iron  contents 
into  solution  by  simple  boiling  with  acids.  For  oxidized 
ore,  hydrochloric  acid  alone  is  usually  sufficient.  If,  as 
occasionally  happens,  an  ore  will  not  yield  all  its  iron  to 
the  action  of  hydrochloric  acid  alone,  it  will  usually  do  so  if 
treated  with  a  mixture  of  nitric,  hydrochloric,  and  sulphuric 
acids,  as  described  in  the  treatment  of  sulphide  ores.  (Art. 
194.) 

1 87.  Occasionally,  however,  an  ore  is  encountered  that 
will  not  yield  all  its  iron,  even  to  the  combined  action  of 
all  three  acids;  such  refractory  ores  must  be  treated  as 
described  in  Arts.  1 95  and  1 96. 

188.  Oxidized  Ores. — Duplicate  charges  of  ore,  of 
1  g.  each— or  \  g.  if  the  ore  runs  very  high  in  iron — are 
treated  in  small  casseroles  or  beakers  with  5  c.  c.  of  con- 
centrated HCL  (The  use  of  small  vessels  in  dissolving  ores 
is  always  desirable,  as  it  avoids  a  large  excess  of  acid.)  The 
casseroles  or  beakers  should  be  covered  with  watch-glasses, 
concave  side  up,  and  should  be  heated  slowly,  preferably  on  a 
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sand-bath — a  shallow  pan  of  sand  set  over  a  burner — to 
avoid  spurting  and  bumping.  The  solution  usually  requires 
about  30  minutes;  when  it  is  complete  the  insoluble  residue 
— consisting  usually  mostly  of  silica — is  colorless  and  free 
from  black  specks  of  undecomposed  ore.  Somewhat  refrac- 
tory ores  may  sometimes  be  gotten  completely  into  solution 
by  boiling  dowii  to  dryness  and  then  adding  about  3  c.  c. 
more  acid  and  heating  again;  or  if  the  iron  is  to  be  subse- 
quently reduced  by  stannous  chloride,  a  few  drops  of  stan- 
nous chloride  (2  or  3  are  sufficient)  added  to  the  acid  used 
in  dissolving  the  ore  will  aid  greatly  in  getting  the  ore  into 
solution. 

189.  When  the  ore  is  completely  decomposed,  dilute 
with  distilled  water,  and  stir  and  rub  the  insoluble  residue 
with  a  rubber-tipped  glass  stirring  rod  (a  policeman),  to 
break  up  any  clots  which  may  have  formed.  Small  specks 
of  solution  that  have  dried  on  the  sides  of  the  vessels  and  on 
the  watch-glasses  riiay  be  dissolved  by  rubbing  them  with  a 
stirring  rod  moistened  with  the  dilute  acid  solution  from 
the  casserole  or  beaker  and  then  washing  them  off  into  the 
main  solution  with  distilled  water  from  the  wash-bottle. 

1 90«  Heat  the  solution  nearly  to  boiling  and  filter  into 
the  flask  for  reducing.  The  heating  is  not  absolutely  nec- 
essary, but  it  takes  very  little  time,  as  the  vessel  may  be 
heated  with  only  a  screen  between  it  and  the  flame,  and  hot 
solutions  filter  much  more  rapidly  and  cleaner  than  cold. 
The  vessel  and  the  insoluble  residue  are  washed  three  or 
four  times  with  distilled  water  and  the  washings  run 
through  the  filter  into  the  main  solution.  (In  washing  the 
insoluble  residue,  the  solution  should  be  decanted  off  very 
carefully  on  to  the  filter,  leaving  as  much  of  the  residue  in 
the  casserole  or  beaker  as  possible  until  the  final  washing, 
as  it  can  be  washed  much  more  rapidly  and  to  better  advan- 
tage in  the  vessel  than  in  the  filter.)  The  filter  paper  itself 
is  finally  washed  by  the  jet  from  the  wash-bottle  and  the 
washings  are  allowed  to  run  through.  Always  use  a  fresh 
filter  paper  for  each  solution. 
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191«  The  solution  is  now  diluted  with  distilled  water  to 
about  200  c.  c. ;  5  c.  c.  of  concentrated  HJSO^  or  HCl — 
according  to  the  method  of  reduction  and  titration  to  be 
pursued — are  added  (20  c.  c.  of  dilute  H^SO^  may  be  used 
instead  of  the  5  c.  c.  of  concentrated  acid);  and  the  solution 
is  then  reduced  by  zinc,  lead,  or  stannous  chloride  in  the 
same  way  as  the  solution  was  reduced  for  standardizing. 

192.  As  soon  as  the  iron  is  completely  reduced,  dilute 
each  solution  to  about  700  c.  c.  if  the  permanganate  method 
is  to  be  employed  for  the  titration,  or  to  500  c.  c.  if  the 
bichromate  method  is  to  be  used;  add  a  further  excess 
of  5  c.  c.  of  acid  for  safety,  and  then  proceed  with  the 
titration.  The  titration  is  conducted  exactly  as  ia  the 
standardization,  with  the  same  precautions,  the  same  end 
point,  and,  as  nearly  as  possible,  the  same  conditions. 

193.  The  amount  of  iron  in  the  solution  is  determined 
by  multiplying  the  number  of  cubic  centimeters  of  standard 
solution  used  by  the  standard  of  the  solution.  If  1-g. 
charges  of  ore  are  used,  this  gives  the  percentage  of  iron 
directly ;  if  ^-g.  charges  are  taken,  the  result  must  be  mul- 
tiplied by  2  to  obtain  the  percentage  of  iron  in  the  ore. 
The  average  result  of  the  duplicate  titrations — which  should 
agree  within  0.1  to  0.2  per  cent. — is  taken. 


BXAMPLBS   FOR    PRACTICB. 

1.  Duplicate  1-g.  ore  charges  are  run.  The  titration  of  one  solution 
consumes  37.8  c.  c.  of  the  standard  solution;  of  the  other,  87.4  c.  c. 
The  standard  of  the  solution  is  0.0097  (1  c.  c.  =  0.0097  g.  iron).  How 
much  iron  does  the  ore  contain  ?  Ans.  0.3623,  or  36.28^. 

2.  Ore  charges  \  g.  (500  mg.)  each.  Standard  solution  used  in  titra- 
tion, 27.6  and  27.5  c.  c,  respectively.  Strength  of  standard  solution, 
1  c.  c.  =  0.0109  g.  iron.     How  much  iron  does  the  ore  contain  ? 

Ans.  0.6006,  or  60.06j(. 

194.  Sulphide  Ores. — Dissolve  duplicate  charges  of 
0.5  g.— or  1  g.  if  the  ore  runs  low  in  iron — in  small  casse- 
roles or  flasks,  with  2  c.  c.  of  strong  HCl^  5  c.  c.  strong 
HNO^,  and  8  c.  c.  dilute  H^SO^,  added  in  the  order  named. 
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(The  sulphuric  acid  should  be  about  60  per  cent,  concen- 
trated H^SO^  and  40  per  cent,  water.  In  diluting  H^SO^, 
always  pour  the  acid  into  ike  water — not  the  water  into  the 
acid — gradually,  stirring  the  water  constantly.)  If  the  ore 
is  dissolved  in  flasks,  the  subsequent  reduction  may  be  made 
in  the  same  flasks.  Heat  on  a  sand-bath  or  a  hot  plate 
until  dense,  white  fumes  of  sulphurous  oxide,  which  are 
recognized  by  their  color  and  suffocating  sulphurous  odor, 
are  evolved.  The  purpose  of  the  sulphuric  acid  is  merely  to 
make  sure  that  the  last  trace  of  nitric  acid  is  expelled. 
The  nitric  acid  is  necessary  to  break  up  the  sulphides ;  but 
if  the  least  trace  of  it  remained  in  the  solution,  it  would  ruin 
the  titration.  The  boiling-point  of  H^SO^  is  so  much  higher 
than  that  of  HNO^  and  HCl  that  these  last-named  acids  are 
completely  evaporated  from  the  solution  by  the  time  the 
H^SO^  begins  to  boil  and  break  up,  liberating  sulphurous 
fumes;  hence,  the  liberation  of  copious  sulphurous  fumes  is 
a  pretty  certain  indication  that  the  nitric  acid  is  all  expelled 
from  the  solution.  Continue  the  heating  for  a  few  minutes 
longer,  to  make  sure  that  the  last  trace  of  HNO^  is  removed. 
Then  cool  the  solution  and  dilute  very  carefully  with  dis- 
tilled water.  Do  not  attempt  to  add  water  to  the  solution 
while  it  is  hot — the  reaction  between  the  water  and  the  hot 
H^SO^ — which  has  been  concentrated  by  evaporation — might 
cause  a  serious  accident.  Filter,  wash  the  residue  on  the 
filter,  add  the  washings  to  the  filtrate,  and  proceed  with  the 
reduction  and  titration  as  in  the  case  of  oxidized  ores. 
The  stannous  chloride  reduction  can  not  be  used,  on  account 
of  the  iron  being  in  the  form  of  a  sulphate;  the  reduction 
with  zinc  will  be  found  the  most  satisfactory.  This  method 
is  applicable  to  all  sulphides — ^lead,  copper,  zinc,  or  iron — 
in  whijh  the  percentage  of  iron  is  to  be  determined.  Arsenic 
or  antimony  in  the  solution  will  cause  a  high  result  in  the 
permanganate  titration  and  should  be  precipitated  by  H^S 
and  filteied  off  before  titrating. 

195.     Refractory  Ores. — If  an  ore  will  not  completely 
decompose  in  acids,  filter  off  the  insoluble  residue,  ignite 

JV.  M.    //.—JO 
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and  burn  the  filter  paper  to  a  white  ash  in  a  porcelain  cru- 
cible, and  then  add  5  g.  of  potassium  bisulphate  (KHSO^ 
and  fuse  over  a  Bunsen  burner  until  the  fusion  becomes 
quiet.  The  crucible  should  be  large  enough  so  that  the 
residue  and  the  flux  will  not  fill  it  more  than  one-third  full, 
as  the  bisulphate  boils  up  very  quickly  and  rapidly  and  is 
apt  tox)verflow  if  more  than  this  is  used.  The  heat  should 
be  slow  at  first,  to  avoid  boiling  over,  and  should  be  increased 
to  a  dull  red  at  the  finish.  The  fusion  will  usually  require 
about  15  minutes.  The  crucible  is  then  removed  from  the 
heat  and  allowed  to  cool.  When  it  is  sufficiently  cool,  the 
fused  mass  is  dissolved  out  of  the  crucible  with  boiling 
water,  the  solution  and  undissolved  mass  transferred  to  a 
beaker,  the  crucible  rinsed  into  the  beaker  with  distilled 
water,  and  the  contents  of  the  beaker  boiled  for  a  few 
minutes,  to  thoroughly  disintegrate  the  fused  mass.  The 
solution  is  then  run  through  a  filter  into  the  original  filtrate 
from  the  insoluble  residue,  and  the  whole  is  reduced  by  zinc 
and  titrated  in  the  usual  manner. 

196*  The  same  result  may  be  obtained  by  fusing  the 
insoluble  residue  with  bicarbonate  of  soda  in  a  platinum 
crucible.  The  insoluble  residue  is  filtered  out  and  ignited 
as  before,  but  in  a  platinum  crucible,  and  then  5  g.  of  sodium 
bicarbonate  are  added  and  fused  over  a  blast-lamp  (a  gas- 
burner  which  is  given  an  artificial  blast  by  means  of  a  blower 
or  foot-bellows)  until  the  fusion  is  quiet.  The  crucible  is 
then  cooled  and  the  mass  dissolved  out  with  very  dilute  HCl 
or  H^SO^y  boiled  and  filtered,  and  the  filtrate  added  to  that 
from  the  original  insoluble  residue  as  before.  Reduce  and 
titrate  as  usual. 

197.     Special  Metliod  for  Working  Iron  Ores. — 

Owing  to  the  fact  that  both  of  the  methods  given  for  work- 
ing an  iron  ore  require  at  least  one  filtration  and  that  they  are 
comparatively  slow,  the  chemists  dealing  with  the  iron  ores 
of  the  Lake  Superior  region  have  worked  out  a  method  for 
determining  iron  which  is  much  quicker  and  easier  than 
either  of  the  old  methods,  while  with  careful  work  the  results 
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obtained  are  fully  as  accurate.  The  method  contains  a  num- 
ber of  interesting  chemical  reactions.  The  ore  is  dissolved 
in  concentrated  hydrochloric  acid  {HCl),  but  if  free  HCl 
were  present  in  the  solution  at  the  time  of  titration  it  would 
be  impossible  to  use  the  potassium  permanganate  solution, 
hence  the  work  is  carried  on  as  follows:  Take  0.5  of  a  gram 
of  ore  and  add  5  c.  c.  of  stannous  chloride  {SnCl^  and 
5  c.  c.  of  concentrated  HCl.  Cover  the  beaker  with  a  watch- 
glass  and  boil  until  the  residue  is  white  and  flocculent.  In 
this  method  the  iron  is  reduced  by  means  of*  stannous  chlo- 
ride, and  it  will  be  found  that  a  small  amount  of  stannous 
chloride  in  the  solution  will  greatly  assist  in  dissolving  the 
ore;  hence  a  portion  of  it  is  added  at  the  time  mentioned. 
Some  chemists  use  more  hydrochloric  acid  than  the  amount 
given,  but  as  a  rule  5  c.  c.  is  enough,  and  an  excess  is  to  be 
avoided.  While  the  solution  in  the  beaker  is  still  hot,  add 
more  stannous  chloride  from  the  burette  until  the  solution  is 
light  yellow,  then  boil  and  add  stannous  chloride  slowly, 
shaking  and  stirring  the  solution  until  it  is  colorless,  and 
add  about  5  drops  in  excess.  Wash  the  watch-glass  and 
sides  of  the  beaker  with  distilled  water  and  add  15  c.  c. 
of  mercuric  chloride.  The  mercuric  chloride  should  be 
added  as  quickly  as  possible  and  stirred  into  the  solution 
rapidly,  for  the  reason  stated  in  Art.  1 83.  After  the  solu- 
tion of  mercuric  chloride  is  added  and  stirred  in,  there  should 
be  a  white,  silky-looking  precipitate  formed,  but  this  will  not 
interfere  with  the  titration.  Next  add  50  c.  c.  of  the  man- 
ganous  sulphate  solution  and  add  300  c.  c.  of  water.  Then 
titrate  with  a  standard  permanganate  solution,  as  in  the 
cases  already  given.  The  titration  should  be  done  in  a  large 
beaker  placed  on  or  before  a  white  plate  or  paper,  or,  better 
still,  in  a  white  bowl.  The  titration  should  be  rapid,  and  as 
the  end  reaction  approaches  a  slight  darkening  of  the  solu- 
tion will  be  noted.  The  end  reaction  is  a  feeble  pink,  is  of 
short  duration,  and  hence  must  be  ascertained  without  delay 

198.     The  preparation  of  the  solutions  and  their  uses 
may  be  described  as  follows: 
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The  stannous  clilorlde  solution  can  be  made  as  fol- 
lows: Take  85  grams  of  stannous  chloride  (SnCl^)  and  add 
50  c.  c.  of  concentrated  If  CI  and  50  c.  c.  of  water.  Boil 
until  the  solution  is  clear  and  then  dilute  up  to  1  liter. 
Keep  metallic  tin  in  solution  to  prevent  the  formation  of 
oxides. 

An  excess  of  the  stannous  chloride  solution  in  the  iron 
solution  is  always  to  be  avoided,  and  in  cases  where  the  ore 
is  low  in  iron  it  is  sometimes  necessary  to  add  less  than 
5  c.  c.  of  this  solution  while  reducing  the  ore,  or  else  to  use 
1  gram  of  ore,  add  5  c.  c.  of  stannous  chloride  and  10  c.  c. 
of  concentrated  hydrochloric  acid.  An  ore  very  low  in  iron 
may  require  only  a  few  drops  of  the  SnCl^  solution  to  per- 
form the  reduction. 

199.  The  mercuric  cUorlde  solution  {HgCl^  is 
made  by  taking  52  grams  of  mercuric  chloride  and  dissolving 
in  1  liter  of  boiling  water.    This  makes  a  saturated  solution. 

200.  The  mansanous  sulpliate  solution  (MnSO^) 
is  made  up  as  follows:  Take  16  grams  of  MnSO^^  dissolve 
in  water,  and  dilute  to  175  c.  c.  Add  33  c.  c.  of  phos- 
phoric acid  {H^PO;)  (Sp.  Gr.  1.7)  and  32  c.  c.  of  H^SO^ 
(Sp.  Gr.  1.84).  The  sulphuric  acid  should  be  added  slowly 
while  the  solution  is  being  stirred,  to  avoid  undue  heating. 

When  this  solution  is  added  to  the  hydrochloric  acid  solu- 
tion of  iron,  the  manganese  sulphate  is  converted  into  man- 
ganous  chloride,  thus  avoiding  the  possible  decomposition  of 
the  permanganate  solution  by  hydrochloric  acid,  while 
the  phosphoric  acid  unites  with  the  ferric  iron  produced, 
thereby  rendering  the  solution  white  and  making  the  end 
reaction  plainer  to  see. 

201*  The  permanganate  solution  given  in  Art. 
1 72  may  be  employed,  or  one  may  be  made  up  especially 
to  work  with  |-gram  weights  of  ore  by  dissolving  2.9  grams 
of  pure  crystallized  permanganate  in  1  liter  of  distilled 
water.     In  making  up  the  standard  solution,  it  is  well  to 
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have  two  bottles  or  carboys  in  which  the  solution  is  kept,  and 
to  be  using  from  one  while  the  other  is  being  gotten  into 
shape  for  use.  If  a  fairly  accurate  solution  is  desired,  it 
should  be  made  up  and  the  bottle  shaken  every  day  for  a 
week,  and  then  kept  in  the  dark  for  at  least  another  week 
before  using. 

202.  Ores  Containing  Organic  Matter. — Certain 
ores  contain  organic  matter,  and  if  this  is  left  unchanged  in 
the  solution  to  be  titrated,  the  organic  matter  might  be 
acted  upon  by  the  standard  permanganate  solution.  Such 
ores  may  be  treated  as  follows:  Dissolve  the  ore  in  as  little 
concentrated  hydrochloric  acid  as  possible,  and  when  the 
solution  is  complete  add  a  few  crystals  of  potassium  chlo- 
rate. Evaporate  until  the  chlorine  is  expelled,  when  a 
very  small  quantity  of  acid  will  still  remain.  From  this 
point  the  operations  can  proceed  as  before,  by  adding  a 
small  quantity  of  acid  and  stannous  chloride  to  reduce  the 
iron.  If  the  organic  matter  is  not  destroyed,  it  renders  the 
slight  excess  of  stannous  chloride  difficult  to  adjust,  because 
it  imparts  to  the  solution  a  yellow  color  resembling  ferric 
chloride. 

203.  Standard  Iron  Ores. — As  a  rule,  chemists 
employed  in  the  determination  of  iron  ores  do  not  standard- 
ize their  solutions  against  pure  metallic  iron,  but  employ  an 
iron  ore  of  known  character.  Such  standard  iron  ores,  the 
percentage  of  iron,  phosphorus,  silica,  and  alumina  in  which 
is  given,  can  be  obtained  from  chemical-supply  houses,  and 
any  chemist  can  easily  make  up  a  standard  of  his  own  and 
determine  its  value  by  means  of  the  standard  received  from 
some  supply  house.  It  is  a  good  practice  to  have  a  bottle 
of  standard  ore  at  hand  near  the  balances  and  to  weigh  out 
one  sample  of  it  each  day  and  run  it  through  with  the  regu- 
lar samples  to  be  tested.  If  the  standard  sample  runs  high 
or  low,  it  shows  that  the  permanganate  solution  has  changed, 
and  hence  a  slight  change  will  have  to  be  made  in  the  results 
obtained  from  all  the  other  samples  run  in  that  batch.    The 
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running  of  the  sample  along  with  the  batch  of  ores  will  not 
require  more  than  from  eight  to  ten  minutes  per  day  where 
large  numbers  of  samples  are  being  run,  and  hence  it  is  not 
much  of  a  tax  on  the  men  doing  the  work,  while  the  fact 
that  the  standard  is  run  with  each  set  of  samples  serves  as  a 
check  on  all  the  work. 

204.  AcUustingr  tlie  Weight  of  Ore  to  the  Solu- 
tion.— In  laboratories  where  a  great  number  of  iron  deter- 
minations are  made  each  day,  the  chemists  rarely  attempt 
to  make  the  permanganate  solution  read  directly  into  per 
cent.,  but  adjust  the  weight  of  the  ore  taken  so  that  the 
solution  at  hand  will  read  into  the  per  cent,  desired.  As  an 
example,  suppose  that  the  laboratory  is  using  a  standard 
iron  ore  known  to  contain  67j^  iron,  and  that  this  standard 
is  titrated  with  the  permanganate  solution  made  up  so  that 
it  is  supposed  to  read  1^  of  iron  for  each  cubic  centimeter  of 
solution  used  when  ^  gram  of  iron  is  taken.  Now,  if  this 
solution  were  employed  and  it  were  found  that  only  56.5 
cubic  centimeters  of  solution  were  required, it  is  evident  that 
the  solution  is  stronger  than  the  half  normal  solution,  and 
hence  the  weight  of  ore  which  must  be  taken  in  order  that 
1  cubic  centimeter  of  solution  would  equal  1^  of  iron  can 
be  found  by  the  following  equation  : 

.5  :  5G.5  =  ;ir  :  57, 

_.5  X  57 

•^"     5G.5    ' 

x=:0. 5044. 

So,  in  weighing  up  the  samples  for  analysis,  the  assayer 
would  first  set  his  balances  to  weigh  0.5044  (the  tenths  of  a 
milligram  would  probably  be  obtained  by  means  of  the  rider), 
and  after  the  weights  had  been  adjusted  work  would  proceed 
as  usual,  weighing  out  samples  which  would  just  balance 
this  weight.  If  the  standard  which  was  run  out  with  the 
ordinary  work  for  any  given  day  did  not  show  the  per  cent, 
of  iron  it  should,  it  would  indicate  that  the  strength  of 
the  titrating  solution  had  changed,  and  hence  the  weight  of 
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ore  taken  for  the  next  work  would  have  to  be  adjusted  to 
the  present  new  strength  of  the  solution. 

An  experienced  operator  can  usually  make  from  90  to  100 
iron  determinations  per  day  by  the  method  given  above. 


MANGANBSE  DETERMINATION. 

205*  Manganese  may  be  determined  volumetrically  by 
titration  with  potassium  permanganate,  using  the  same  solu- 
tion as  is  used  for  iron.  The  standard  of  the  solution  for 
iron  multiplied  by  0.2946  gives  the  standard  for  manganese. 
Thus,  if  1  c.  c.  of  the  permanganate  solution  will  oxidize 
0.01  g.  of  iron,  it  will  oxidize  0.002946  g.  of  manganese. 

206.  Treatment  of  Manganese  Ores. — Two  slightly 
different  methods  in  manipulation  may  be  followed  in  man- 
ganese determination.  In  the  first  one  described,  the  entire 
operation  is  carried  on  in  the  vessel  in  which  the  first  solu- 
tion is  made.  Dissolve  1  gram  of  the  ore  to  be  tested  in 
from  30  to  40  c.  c.  of  HCl  and  add  a  few  drops  of  HNO^  to 
oxidize  any  ferrous  iron  pfesent.  The  solution  should  be 
effected  in  a  beaker  at  least  5  inches  high  by  3^^  inches  in 
diameter  at  the  top  and  having  no  lip.  When  practically  aH 
the  acid  has  been  expelled,  allow  it  to  cool  somewhat,  add 
50  c.  c.  of  water,  and  boil  to  make  sure  that  all  the  salts  are 
in  solution.  Then  remove  from  the  hot  plate  and  fill  with 
boiling  water  to  within  1  inch  of  the  top  of  the  beaker. 
Next,  add'  dry  zinc  oxide  {ZnO)  in  excess,  which  will  pre- 
cipitate the  iron  as  ferric  hydrate,  leaving  the  solution 
above  colorless.  The  solution  will  contain  the  manganese 
as  a  chloride.  Zinc  oxide  should  be  added  slowly  until  all 
the  iron  has  been  precipitated  and  the  acid  all  neutralized. 
(Test  with  litmus  paper.)  The  solution  should  be  stirred 
thoroughly  with  a  glass  rod  while  the  zinc  oxide  is  being 
added  and  1  or  2  grams  in  excess  should  be  employed.  The 
solution  is  then  ready  for  titration  with  potassium  perman- 
ganate, and  it  should  be  vigorously  stirred  after  each  addi- 
tion of  permanganate.     The  oxidation  is  complete  when  the 
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solution,  after  settling,  shows  a  faint  pink  color.  The 
heavy  precipitate  of  iron  hydrate  and  zinc  oxide  has  the 
advantage  that  it  carries  the  precipitated  oxide  of  manga- 
nese to  the  bottom  very  quickly,  thus  enabling  the  operator 
to  easily  determine  the  end  reaction.  The  titration  should 
be  done  rapidly  while  the  solution  is  hot.  If  the  value  of  the 
normal  permanganate  solution  is  known  in  terms  of  iron 
the  resulting  number  of  c.  c.  should  be  multiplied  by  the 
factor  0.2946,  which  will  give  the  percentage  of  manganese. 
This  method  has  the  advantage  that  the  entire  operation  is 
carried  on  in  one  vessel  and  that  the  o^^dinary  permanganate 
solution  for  iron  is  employed. 

207.  When  i  gram  of  ore  is  used  in  the  iron  determi- 
nation, a  one-half  normal  potassium  permanganate  solution 
is  usually  employed,  and  if  this  same  solution  is  used  for  the 
determination  of  manganese,  it  will  be  necessary  to  take  one- 
half  of  the  nuniber  of  c.  c.  of  permanganate  solution  used 
and  multiply  it  by  the  factor  given.  If  the  solution  is 
neither  exactly  a  normal  nor  a  half  normal  solution,  it  will  be 
necessary  to  multiply  by  a  factor  which  will  render  it  normal 
before  employing  the  manganese  factor  as  given  above. 

208*  Some  operators  prefer  to  remove  the  heavy  pre- 
cipitate of  iron  hydrate  and  the  zinc  oxide  so  that  the  titra- 
tion can  be  done  in  a  clear  solution.  This  may  be  accom- 
plished by  taking  1^  grams  of  the  ore  and  treating  as  above 
stated,  but  removing  from  the  hot  plate  and  transferring  to 
a  graduate  before  adding  the  zinc  oxide.  After  the  zinc 
oxide  has  been  added,  the  solution  should  be  made  up  to 
300  c.  c.  Then  filter  through  a  dry  filter  and  take  200  c.  c. 
of  the  filtrate,  which  will  correspond  to  1  gram  of  ore.  The 
rest  of  the  filtrate  containing  the  zinc  oxide  and  the  precipi- 
tated hydrate  of  iron  is  thrown  away.  The  filtrate  is  then 
brought  to  a  boil  and  the  titration  carried  on  as  before. 
The  fact  that  the  precipitate  has  a  slightly  greater  specific 
gravity  than  the  solution  will  have  practically  no  effect 
upon  the  accuracy  of  the  results.    As  this  operation  requires 
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the  treating  of  larger  amounts  of  ore  and  the  use  of  several 
vessels  for  the  determination,  it  is  not  as  rapid  as  the  one 
first  described. 

DETERMINATION  OF  PHOSPHORU8. 

209.  For  the  determination  of  phosphorus  there  are 
several  methods  in  use.  For  individual  determinations,  the 
old  gravimetric  method  is  probably  the  most  accurate,  and 
hence  will  be  described  first. 

210.  Gravimetric  Method. — Dissolve  from  2  to  10 
grams  of  the  ore  to  be  tested  in  HCL  When  only  2  grams 
are  employed,  20  c.  c.  of  HCl  will  be  sufficient.  It  is  best  to 
keep  the  solution  on  sand-bath  or  hot  plate  almost  at  the 
boiling-point  until  it  is  reduced  to  a  syrup;  then  add  20  c.  c. 
of  concentrated  HNO^.  Boil  down  to  about  10  c.  c.  or 
until  no  more  fumes  of  HCl  are  given  off. 

21  !•  In  case  organic  matter  is  present,  it  will  be  neces- 
sary to  destroy  it  by  carrying  the  evaporation  with  HNO^ 
to  dryness  and  then  baking  the  residue  until  no  more  acid 
fumes  are  given  off.  When  the  material  becomes  cool,  dis- 
solve in  HCL  Evaporate  down  to  a  syrup  as  before,  add 
HNO^,  and  evaporate  until  no  more  HCl  fumes  are  given  off. 

212.  Wash  down  the  sides  of  the  beaker  and  dilute  to 
about  30  c.  c.  Filter  through  a  rapid  filter  to  get  rid  of  the 
insoluble  residue,  and  if  there  is  much  of  this  it  should  be 
ignited  with  sodium  carbonate,  the  fused  mass  dissolved  in 
dilute  H^SO^  and  added  to  the  HNO^  solution.  The  solu- 
tion should  contain  as  little  free  acid  as  possible. 

Now  add  35  c.  c.  of  concentrated  NHfiH^  which  will 
precipitate  any  iron  and  aluminum  present  and  render  the 
solution  alkaline.  Then  add  about  37  c.  c.  of  concentrated 
HNO^.  This  is  to  dissolve  the  precipitate  and  clarify  the 
solution,  thus  rendering  it  slightly  acid.  If  it  does  not,  add 
a  trifle  more  of  the  acid.  The  reaction  between  the 
ammonia  and  the  nitric  acid  will  usually  heat  the  solution 
to  about  85°  C.  Introduce  a  thermometer,  and  if  the  tem- 
perature is  not  85°  C,  either  cool  or  heat  the  solution  to  this 
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temperature  and  take  it  off  the  sand-bath.  While  still  hot 
add  75  c.  c.  of  molybdate  solution.  This  may  be  added 
while  the  material  is  in  a  large  beaker  or  in  an  Erlenmeyer 
flask.  The  thermometer  which  was  used  in  ascertaining 
the  temperature  of  the  solution  should  be  washed  off  by 
means  of  molybdate  solution  as  it  is  added. 

213*  If  arsenic  is  known  to  be  present,  the  temperature 
qi  the  solution  should  be  reduced  to  25°  C.  before  the  molyb- 
date solution  is  added  and  the  material  allowed  to  stand  at 
least  four  hours  with  occasional  agitation,  when  the  phos- 
phorus will  be  precipitated  and  the  arsenic  will  remain  in 
solution. 

214«  Where  arsenic  is  not  present,  the  molybdate  solu- 
tion is  added  while  the  ore  solution  is  hot,  as  before  stated, 
and  the  precipitation  is  assisted  by  shaking  or  agitating  the 
solution.  If  the  solution  is  in  a  flask  or  glass-stoppered 
bottle,  it  may  be  shaken  mechanically,  or  if  in  a  beaker  or 
flask,  it  may  be  given  a  rotative  motion  by  whirling  or  rota- 
ting the  flask  in  the  hand.  If  the  laboratory  is  provided 
with  compressed  air,  the  shaking  may  be  accomplished  by 
carrying  a  current  of  air  into  the  solution  through  a  glass 
tube  and  allowing  it  to  ascend  to  the  surface  as  bubbles. 

After  the  phosphorus  has  been  thoroughly  precipitated,  it 
should  be  filtered  off.  Care  must  be  exercised  in  the  filter- 
ing and  in  the  subsequent  washing  so  as  not  to  allow  the 
yellow  precipitate  to  crawl  over  the  upper  edges  of  the  filter. 
While  the  precipitate  is  on  the  filter,  it  should  be  washed 
with  a  2^  nitric  acid  solution  filling  at  least  six  times  to  its 
edges.     This  is  to  remove  all  iron. 

The  yellow  precipitate  can  now  be  dissolved  in  ammonia, 
and  if  any  of  the  precipitate  should  adhere  to  the  flask  or 
beaker  in  which  the  precipitating  was  accomplished,  this 
may  be  dissolved  in  a  portion  of  the  ammonia  employed  for 
bringing  the  material  on  the  filter  into  solution.  The  solu- 
tion should  now  be  made  acid  with  dilute  sulphuric  acid  and 
then  alkaline  with  ammonia  in  excess.  Cool  to  at  least 
25°  C,  and  when  cold  add  50  c.  c.  of   magnesia  mixture. 
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Allow  the  flask  or  beaker  to  stand  in  a  cool  place  for  at  least 
four  hours,  with  frequent  agitations,  and  finally  filter  on  to 
a  filter  the  weight  of  the  ash  of  which  is  known.  Wash 
with  water,  ignite,  and  weigh  the  resulting  magnesium  pro- 
phosphate  and  ash.  Subtract  the  known  weight  of  the  ash 
of  the  filter  from  the  weight  obtained  and  multiply  the 
result  by  0.27928,  which  will  give  the  weight  of  phosphorus 
in  the  amount  of  the  substance  taken,  and  from  this  the 
percentage  can  be  easily  figured.  It  is  usually  best  to  test 
the  solution  before  filtering  by  adding  a  few  drops  of  mag- 
nesia mixture  and  allowing  the  solution  to  stand  for  a  few 
minutes  in  order  to  see  if  all  the  phosphorus  has  been  pre- 
cipitated. If  a  precipitate  results  from  the  addition  of  more 
magnesia  mixture,  it  is  evident  that  all  the  phosphorus  has 
not  been  thrown  down,  and  the  solution  must  be  allowed  to 
stand  longer. 

215.  The  Magnesia  Mixture. — This  may  be  made 
by  dissolving  1  gram  of  magnesium  sulphate  {AlgSO^  and 
1  gram  of  ammonium  chloride  {NH^Cl)  in  4  c.  c.  of  ammo- 
nia {NH^OH)  and  8  c.  c.  of  water.  One  c.  c.  of  this  solu- 
tion will  precipitate  0.024  gram  of  phosphoric  acid  {P^O^, 
The  magnesium  sulphate  and  the  ammonia  chloride  should 
be  in  the  form  of  salt. 

216.  Molybdate  Solution. — This  may  be  made  up  in 
the  following  proportions:  Dissolve  1  gram  of  molybdic 
acid  {MoO^)  in  4  c.  c.  of  ammonia  and  then  pour  the  solu- 
tion into  15  c.  c.  of  nitric  acid  (Sp.  Gr.  1.2).  One  c.  c.  of 
this  solution  will  precipitate  0.0013  gram  of  phosphorus. 

217.  In  making  either  of  the  above  solutions,  the  pro- 
portions will  be  increased  so  as  to  make  a  sufficient  volume 
of  the  material  required.  Either  one  of  the  solutions  should 
be  allowed  to  stand  for  a  day  or  two  before  it  is  used 
and  then  the  clear  solution  siphoned  off.  In  making  up  the 
molybdate  solution,  it  will  be  necessary  to  keep  the  flask 
immersed  in  cold  water,  in  order  to  keep  the  temperature 
down  while  adding  the  ammonia  solution  to  the  nitric  acid. 
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218*    Volumetric  Determination  of  Phosptiorus* 

— From  2  to  10  grams  of  the  ore  may  be  employed  for 
this  determination,  and  the  process  is  as  follows  when  only 
2  grams  are  taken :  Add  20  c.  c.  of  HCl  and  put  on  a  hot 
plate  or  sand-bath,  and  keep  almost  at  a  boiling  tempera- 
ture until  it  is  reduced  to  a  syrup;  then  add  20  c.  c.  of  con- 
centrated HNO^  and  boil  to  about  10  c.  c,  or  until  all  the 
HCl  fumes  are  driven  off.  Wash  down  the  sides  of  the 
beaker  and  dilute  to  about  30  c.  c.  Filter  through  a  rapid 
filter  to  get  rid  of  the  silica  and  wash  with  as  little  water  ks 
possible.  If  there  is  much  of  the  insoluble  residue,  it  may  be 
necessary  to  fuse  the  same  with  sodium  carbonate  and  dis- 
solve and  add  to  the  filtrate  as  in  the  gravimetric  method. 

Heat  or  cool  the  solution  to  86°  C.  and  add  76  c.  c.  of 
molybdate  solution.  Shake  for  ten  minutes  as  in  the  gravi- 
metric method,  and  then  filter  off  the  yellow  precipitate 
on  to  a  9  c.  m.  No,  1  F.  filter  and  wash  with  a  potassium 
nitrate  solution  made  by  dissolving  1  gram  of  KNO^  in 
100  c.  c.  of  water.  Be  careful  not  to  allow  the  phospho- 
molybdate  to  crawl  over  the  edges  of  the  filter,  and  see  that 
the  filter  is  filled  with  the  wash  to  its  edge  at  least  six  times, 
so  as  to  be  sure  to  remove  all  the  iron  or  acid.  Transfer 
the  filter  with  yellow  precipitate  to  a  No.  1  beaker  and  add 
20  c.  c.  of  sodium  hydrate  {NaOH)  solution.  Unfold  the 
filter  with  a  glass  rod,  dissolve  the  precipitate,  and  beat  the 
filter  paper  up  to  a  pulp.  Dilute  with  warm  water  to  about 
50  c.  c.  Add  0.5  c.  c.  of  1^  phenol-phthalein  solution;  then 
titrate  with  either  HCl  or  HNO^  solution,  adding  drop  by 
drop  at  the  end  reaction.  The  end  reaction  is  indicated  by 
the  solution  becoming  colorless,  and  the  difference  between 
the  number  of  c.  c.  of  NaOH  and  the  number  of  c.  c.  of  acid 
used  gives  the  phosphorus  direct.  In  case  the  insoluble 
residue  has  not  been  fused,  this  method  does  not  take 
into  account  the  phosphorus  contained  in  the  silicious 
matter. 

219.  The  Sodium  Hydrate  Solution  {NaOH).— 
Take  15.4  grams  of  sodium  hydrate  and  dissolve  in  100  c.  c. 
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of  water,  add  a  saturated  solution  of  barium  hydrate,  and 
stir  in  until  there  is  no  more  precipitate.  The  barium 
hydrate  is  added  to  free  the  sodium  hydrate  from  sodium 
carbonate,  which  is  converted  to  barium  carbonate.  The 
solution  should  then  be  filtered  and  made  up  to  2  liters  by 
the  addition  of  water. 

220.  The  Standard  Acid  Solution.— This  may  be 

either  HNO^  or  HCL  In  case  the  nitric  acid  is  employed, 
take  200  c.  c.  of  HNO^  (Sp.  Gr.  1.42)  and  dilute  up  to 
2  liters.  200  c.  c.  of  this  stock  solution  can  be  diluted  to 
2  liters,  and  this  will  form  an  approximate  standard.  Run 
the  standard  acid  solution  against  the  alkali,  and  so  ascertain 
their  relative  strength.  The  stronger  can  be  reduced  by 
the  addition  of  water,  and  so  the  two  can  be  brought  to  an 
equal  value. 

After  the  two  solutions  have  been  brought  to  an  equal 
strength,  0.1  g.  of  pure  ammonium  phospho-molybdate  may 
be  dissolved  in  20  c.  c.  of  alkali  solution.  This  amount  of 
yellow  precipitate  contains  0.00163  g.  of  phosphorus,  and  if 
the  sodium  hydrate  solution  were  normal,  it  should  require 
16.3  c.  c.  to  neutralize  the  MoO^  in  the  yellow  precipitate; 
hence  3.7  c.  c.  of  acid  would  be  required  to  neutralize  the 
excess  of  alkali  and  change  the  color  of  the  indicator.  In 
case  more  or  less  of  the  acid  is  required,  the  solution  can  be 
brought  to  the  right  strength  by  adding  water  or  by  adding 
more  of  the  alkali  until  the  proper  strength  is  obtained. 
The  acid  solution  can  then  be  brought  to  the  same  strength 
that  the  alkali  has,  and  the  solution  will  be  correct  for  work- 
ing with  2  g.  of  ore;  that  is,  1  c.  c.  will  be  equal  to  0.0002  g. 
of  phosphorus  or  yijVj-  P^^  cent,  phosphorus  when  2  g.  of  ore 
are  taken  for  analysis. 

221.  Phenol-Plitlialein  Indicator. — Five-tenths  of 
a  gram  of  phenol-phthalein  are  dissolved  in  200  c.  c.  of  95j^ 
alcohol;  from  3  drops  to  half  a  c.  c.  will  be  sufficient  for 
each  titration. 
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LIMB  DETERMINATION. 

222*  Lime,  or  calcium  oxide  (CaO),  may  be  determined 
either  gravimetrically  or  volumetrically  by  means  of  a 
standard  solution  of  potassium  permanganate.  The  latter 
method  is  much  the  quicker,  and  if  proper  care  is  taken,  is 
fully  as  accurate  as  the  gravimetric  determination.  It  has 
the  additional  advantage  that  the  same  standard  solution 
may  be  used  for  both  iron  and  lime  determination.  The 
standard  of  the  solution  for  lime  is  just  half  oi  the  standard 
for  iron.  Thus,  if  1  c.  c.  of  the  permanganate  solution 
equals  0.010  g.  of  iron,  it  will  equal  0.005  g.  of  lime. 


TRBATMBNT  OF  LIMGSTONG  AND  ORBS. 

223.  Limestone  and  ores  containing  lime  are  treated  in 
the  same  manner.  1  g.  of  ore  is  treated  in  a  small  casse- 
role or  beaker  with  20  c.  c.  of  distilled  water  and  5  c.  c.  of 
concentrated  HCL  Boil  until  the  soluble  portion  of  the  ore 
is  all  in  solution;  then  dilute,  and  filter  off  the  insoluble 
residue,  washing  it  thoroughly  with  .distilled  water  and  add- 
ing the  washings  to  the  filtrate.  If  the  ore  contains  any 
lead,  it  should  be  removed  by  passing  sulphureted  hydro- 
gen gas  (//,5)  through  the  solution;  the  lead  will  precipi- 
tate as  lead  sulphide,  which  should  be  filtered  off,  and  the 
precipitate  well  washed.  The  filtrate  should  then  be  heated 
to  boiling  and  the  excess  of  H^S  oxidized  by  a  few  drops 
of  bromine  water  or  a  little  potassium  chlorate.  The 
oxidizer  should  be  added,  a  little  at  a  time,  until  the  solu- 
tion is  perfectly  clear. 

Ammonia  in  slight  excess  is  then  added  to  the  filtrate 
from  the  sulphide,  or,  if  the  ore  is  free  from  lead,  to  the 
filtrate  from  the  insoluble  matter.  (The  excess  may  be 
recognized  by  the.smell  or  by  testing  with  red  litmus  paper, 
which  should  turn  blue  if  the  ammonia  is  in  excess.)  The 
ammonia  will  precipitate  iron  and  aluminum  as  hydrates. 
The  solution  is  then  boiled  until  all  the  excess  of  ammonia 
is  expelled.  This  is  necessary,  since  aluminum  hydrate  is 
slightly  soluble  in   an   excess  of  ammonia.      To  test  the 
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solution  to  see  if  all  the  ammonia  is  expelled,  moisten  the 
tip  of  a  glass  rod  with  HCl  and  hold  it  over  the  solution. 
If  there  is  any  ammonia  left  in  the  solution,  it  will  form 
white  fumes  with  the  HCL 

Filter  off  the  iron  and  aluminum  hydrates.  This  is  a 
very  tedious  job,  as  the  precipitate  is  flocculent  and  jelly- 
like; it  may  be  shortened  by  filtering  hot,  using  funnels 
with  long  stems — the  longer  the  stem  the  greater  the  suc- 
tion— and  running  two  or  three  funnels  at  once.  Wash  the 
precipitate  well  with  hot  water  and  add  the  washings  to 
the  filtrate.  If  much  iron  and  alumina  are  present,  the  pre- 
cipitate should  be  redissolved  in  a  little  HCl^  reprecipitated 
with  ammonia,  filtered,  and  the  filtrate  added  to  the  first 
filtrate.  This  is  advisable,  as  a  very  dense  iron-aluminum 
precipitate  is  apt  to  carry  down  a  little  calcium  hydrate 
with  it. 

To  the  filtrate  from  the  hydrates  add  1  c.c.  of  ammonia 
and  bring  the  solution  to  a  boil.  If  any  iron  or  aluminum 
hydrate  forms,  it  should  be  filtered  off.  If  white  magnesium 
hydrate  forms,  it  should  be  redissolved  by  adding  a  slight 
excess  of  HCly  and  then  again  make  the  solution  slightly 
alkaline  with  ammonia. 

The  lime  is  then  precipitated  as  calcium  oxalate  by  adding 
a  solution  of  ammonium  oxalate  or  oxalic  acid.  (If  oxalic 
acid  is  used,  the  least  possible  excess  should  be  added,  and 
the  solution  should  contain  a  considerable  excess  of  ammonia, 
so  that  the  solution  will  be  alkaline  after  adding  the  oxalic 
acid. )  If  the  ore  contains  magnesium,  a  considerable  excess 
of  ammonium  oxalate  should  be  added,  in  order  to  get  all 
the  magnesium  into  the  form  of  magnesium  oxalate,  which 
is  soluble.  Heat  nearly  to  boiling  for  a  few  minutes  and 
then  filter  off  the  calcium  oxalate.  Wash  the  precipitate 
with  boiling  water  until  the  last  trace  of  oxalic  acid  is 
removed.  This  can  be  tested  by  means  of  a  very  dilute 
solution  of  potassium  permanganate,  pink  or  pale  purple  in 
color,  and  made  acid  with  H^SO ^ ;  the  least  trace  of  oxalic 
acid  in  the  washings  will  decolorize  the  permanganate 
solution. 


120  ASSAYING,  §  36 

If  the  ore  contains  much  magnesium  and  very  accurate 
work  is  desired,  the  calcium  oxalate  precipitate  should  be 
dissolved  in  HCl  and  the  lime  reprecipitated  as  oxalate  and 
again  filtered;  otherwise  a  little  magnesium  oxalate  is  apt 
to  be  retained  in  the  precipitate  and  will  cause  a  high  result. 
The  error  from  this  source,  however,  is  usually  so  small  that 
for  ordinary  work  it  may  be  disregarded. 

Remove  the  filter  and  its  contents  from  the  funnel  and 
wash  the  precipitate  off  the  paper  into  a  beaker  with  a  jet 
of  hot  water  from  a  wash-bottle.  After  all  the  precipitate 
that  can  be  removed  in  this  way  is  gotten  off  the  filter,  wash 
the  filter  with  dilute  H^SO ^  and  add  the  washings  to  the  con- 
tents of  the  beaker.  (Sometimes  it  is  difficult  to  remove 
the  last  trace  of  calcium  oxalate  from  the  filter  by  dilute 
H^SO^ ;  in  such  a  case  a  few  drops  of  HCl  may  be  added  to 
the  paper.)  Dilute  the  contents  of  the  beaker  up  to  about  100 
c.c.,add  15  c.c.  of  sulphuric  acid,  heat  the  solution  up  to  70°  C. 
(158°  F.),  and  titrate  with  potassium  permanganate.  The 
titration  is  performed  in  the  same  way  as  the  iron  titration 
with  permanganate,  and  the  method  of  calculating  the 
results  is  the  same,  except  that  the  standard  of  the  solution 
for  lime  is  only  half  of  the  iron  standard,  as  before  men- 
tioned. The  permanganate  solution  is  reduced  by  the  ox- 
alic acid  liberated  by  the  action  of  the  H^SO  on  the  calcium 
oxalate. 

224.  The  result  of  the  titration  gives  the  contents  of 
the  ore  in  lime  {CaO).  Lime  contains  71.43  per  cent,  of 
calcium  and  28.57  per  cent,  of  oxygen,  so  that  the  amount 
of  calcium  in  an  ore  may  be  determined,  if  desired,  by  mul- 
tiplying the  percentage  of  lime  by  0.7143. 


INSOLUBLE  MATTER  AND  SILICA. 

225*  Insoluble  Matter. — The  insoluble  residue  left 
after  treating  an  ore  with  acids  usually  consists  principally 
of  silica,  together  with  other  substances  that  are  insoluble 
in  the  acids  used.  This  residue  is  spoken  of  as  insoluble 
matter. 
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To  determine  the  proportion  of  insoluble  matter  in  an  ore, 
treat  1  g.  of  the  ore  with  acid,  as  in  the  iron  and  lime  deter- 
minations, and  as  soon  as  all  of  the  soluble  portion  of  the 
ore  is  in  solution,  dilute  with  water  and  filter  off  the  insolu- 
ble residue  on  a  special  filter  paper,  the  weight  of  the  ash 
from  which  is  known.  Wash  the  residue  thoroughly  on  the 
filter  with  hot  distilled  water,  then  place  the  filter  and  its 
contents  in  a  weighed  porcelain  or  platinum  crucible  heat 
over  the  Bunsen  burner  until  the  moisture  has  all  evapo- 
rated, and  then  ignite  in  the  mufHe  or  in  the  flame  of  a 
blast-lamp,  and  run  down  to  ash:  Cool  the  crucible  and 
contents  and  then  weigh.  The  gain  in  weight  of  the  cruci- 
ble minus  the  weight  of  the  filter  ash  is  the  weight  of  the 
insoluble  matter. 

226.  Silica. — The  insoluble  portion  of  an  ore  does  not 
always  consist  of  silica;  in  fact,  it  may  contain  no  silica  at 
all.  There  are  various  other  substances  which  are  insoluble 
in  ordinary  acids — for  instance,  lead  and  barium,  oxides  of 
tin,  chromium,  titanium,  and  aluminum — and  these  when 
present  in  the  ore  make  up  the  insoluble  residue. 

Silica,  when  fused  with  soda,  forms  a  soluble  silicate  of 
soda ;  the  metallic  oxides  may  or  may  not  be  converted  into 
soluble  compounds.  The  fused  mass  is  dissolved  in  hot 
water,  acidified  with  HCl^  and  evaporated  to  dryness ;  this  is 
repeated,  using  strong  HCl^  to  render  the  SiO^  insoluble 
and  to  convert  the  metallic  oxides  into  soluble  chlorides. 
The  silica  is  filtered  off,  washed  with  hot  water,  dried,  and 
weighed. 

227.  Lead  sulphate,  if  fused  with  sodium  bicarbonate, 
would  be  apt  to  be  reduced  to  metallic  lead.  Consequently, 
if  any  lead  sulphate  is  present  in  the  insoluble  residue,  it 
must  be  removed  before  performing  the  fusion.  Lead  sul- 
phate (and  all  other  lead  salts)  are  readily  soluble  in  a  hot 
solution  of  ammonium  acetate.  The  solution  is  best  made 
by  adding  strong  acetic  acid  to  strong  ammonia  water  until 
the  solution  is  just  acid  (indicated  by  the  reddening  of  a 
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piece  of  litmus  paper  placed  in  the  solution)  and  then  add- 
ing a  few  drops  of  ammonia — just  enough  to  neutralize  the 
excess  of  acid  and  make  the  solution  again  slightly  alkaline 
(turn  the  litmus  paper  blue).  Heat  this  solution  nearly  to 
boiling,  and  then  with  it  wash  Jthe  residue  on  the  filter  sev- 
eral times.  The  hot  ammonium  acetate  will  dissolve  out  the 
lead  sulphate.  Then  wash  the  residue  on  the  filter  several 
times  with  hot  distilled  water,  transfer  to  a  platinum  cruci- 
ble, and  run  down  to  ash  as  befo-re. 

After  the  filter  paper  is  completely  burned,  add  2or  3  g. 
of  bicarbonate  of  soda  (some  chemists  prefer  to  use  a  mix- 
ture of  equal  parts  of  sodium  and  potassium  bicarbonates  or 
carbonates),  and  fuse  over  the  blast-lamp  or  in  the  muffle 
until  all  action  has  ceased  and  the  fusion  beconies  perfectly 
liquid  and  quiet.  The  fusion  will  generally  require  from 
10  to  20  minutes.  The  heat  should  be  raised  as  high  as  pos- 
sible during  the  last  few  minutes. 

When  the  fusion  is  complete,  remove  the  crucible  and  dip 
its  bottom  into  cold  water  to  chill  the  contents  quickly.  It 
is  a  good  plan  to  place  in  the  crucible  before  chilling  a  piece 
of  heavy  platinum  wire,  bent  into  a  hook  at  the  lower  end ; 
the  fused  material  will  solidify  around  this  hook,  and  the 
wire  can  then  be  used  as  a  handle  with  which  to  remove  the 
fusion  from  the  crucible  after  it  has  become  loosened.  Add 
boiling  water  from  a  wash-bottle  to  loosen  the  fusion  so 
that  it  may  be  removed.  Slightly  bending  the  crucible  a 
few  times  with  the  fingers  will  assist  in  loosening  the  fusion, 
and  will  not  injure  the  crucible.  A  little  dilute  HCl  may  be 
used  to  remove  the  last  traces  of  the  fused  mass  sticking  to  the 
inside  of  the  crucible.  Wash  out  the  crucible  thoroughly, 
transfer  the  fused  mass  and  washings  to  a  casserole,  add 
considerable  water,  and  then  add  HCl — drop  by  drop,  to 
avoid  running  over,  as  the  carbonate  effervesces  violently 
with  the  acid.  Continue  the  addition  of  the  acid  until  the 
carbonate  is  all  dissolved  and  the  acid  is  in  slight  excess. 
Then  cover  the  casserole  with  a  watch-glass  and  evaporate 
the  solution  down  to  dryness.  The  evaporation  should  be 
completed  at  a  temperature  not  much  above  the  boiling- 
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point  of  water;  otherwise  the  solution  is  apt  to  spit  when 
it  becomes  thick,  and  thus  lose  some  of  the  silica.  After 
the  mass  is  dry,  rais6  the  heat  somewhat,  to  drive  off  the 
last  trace  of  HCL  Then  add  more  water  and  a  few  drops  of 
HCl  and  again  boil.  Filter,  wash  the  residue  several  times 
with  hot  water,  and  then  dry  and  ignite  as  in  the  case  of 
the  insoluble  matter.  The  residue  now  consists  entirely  of 
silica,  the  weight  of  which  is  determined  exactly  as  in  the 
case  of  the  insoluble  matter. 

For  ordinary  work,  in  which  extreme  accuracy  is  not 
Sought,  it  will  not  be  necessary  to  evaporate  the  solution 
down  to  dryness  and  again  take  up  with  water.  The  resi- 
due from  the  solution  of  the  fused  mass  may  be  filtered  off 
directly,  after  boiling  the  solution,  and  then  washed,  ignited, 
and  weighed  as  silica. 

228*  Determination  of  Silica  Alone. — When  silica 
alone  is  wanted,  the  following  rapid  method  can  be  followed : 
Dissolve  1  gram  of  the  ore  with  HCl\  evaporate  to  dryness 
ind  redissolve  in  dilute  HCL  Filter  on  to  an  ashless  filter, 
wash,  dry,  ignite,  and  weigh  the  insoluble  silicious  residue. 
The  material  should  be  ignited  in  a  platinum  crucible,  then 
add  a  few  drops  of  hydrofluoric  acid  {HF)  and  a  few  drops 
of  concentrated  H^SO^,  Evaporate  to  dryness  and  the 
silica  will  pass  off  as  silicon  fluoride.  (The  work  should  be 
done  under  a  hood.)  Ignite  the  crucible  and  weigh.  The 
difference  between  the  two  weights  will  be  the  weight  of 
the  silica  direct  as  SiO^. 

If  the  insoluble  silicious  matter  contains  calcium,  magne- 
sium, potassium,  or  sodium,  the  loss  in  weight  due  to  driving 
off  the  silica  will  not  be  entirely  apparent,  on  account  of  the 
fact  that  some  of  the  sulphuric  acid  will  combine  with  the 
above  named  elements  to  form  sulphates,  and  hence  the 
amount  of  sulphuric  acid  so  combined  must  be  determined 
and  added  to  the  amount  already  found.  This  may  be  accom- 
plished as  follows:  Fuse  the  residue  with  sodium  carbonate 
and  dissolve  in  water  acidulated  with  a  little  HCL  Heat  to 
boiling  and  add  a  hot  solution  of  barium  chloride  {BaCl^. 
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Filter  off,  ignite  and  weigh  the  precipitated  barium  sulphate 
(BaSO^).  The  amount  of  SO^  in  the  barium  sulphate  can 
be  calculated  by  multiplying  the  weight  obtained  by  0.3433. 
This  should  be  added  to  the  amount  of  SiO^  already  obtained. 
When  the  ore  contains  appreciable  amounts  of  barium  sul- 
phate, this  method  is  not  admissible,  on  account  of  the  fact 
that  the  SO^  contained  in  the  mineral  barium  sulphate  would 
appear  as  StO^, 

COPPER    DETERMINATION. 

229*  Copper  is  determined  volumetrically  by  means  of 
a  standard  solution  of  cyanide  of  potassium.  It  may  also  be 
determined  gravimetrically  by  precipitating  the  metallic 
copper  electrolytically  (by  a  galvanic  current)  on  platinum, 
washing  and  drying  it,  and  weighing  it  as  metallic  copper 
(see  Arts.  6  and  237-240).  The  operation  is  longer 
than  the  volumetric  determination,  however,  and  the  plati- 
num apparatus  is  expensive;  the  electrolytic  method  is, 
consequently,  employed  only  in  large  laboratories  and  where 
very  accurate  results  are  desired,  the  volumetric  method 
being  used  for  most  determinations  of  ores. 


STANDARD  SOLUTION. 

230*  The  cyanide  solution  should  be  approximately  half 
normal  (1  c.  c.  =  5  mg.  copper).  A  solution  of  about  this 
strength  may  be  made  by  dissolving  from  25  to  30  g.  of 
commercial  potassium  cyanide  (c.  p.  cyanide  is  unnecessary) 
in  1  liter  of  distilled  water.  The  solution  should  be  kept  in 
a  tightly  stoppered,  colored-glass  bottle  (dark-green  glass  is 
best)  in  a  cool,  dark  place;  or  if  a  dark  place  is  not  avail- 
able, the  bottle  should  be  covered  with  black  paper,  as  the 
cyanide  decomposes  quite  rapidly  under  the  influence  of 
light.  Some  chemists  also  pour  in  a  little  coal  oil  above  the 
cyanide  solution  in  the  bottle  to  further  protect  it  from 
decomposition.  The  solution  should  be  restandardized  fre- 
quently. Great  care  should  be  exercised  in  handling  it,  as 
it  is  extremely  poisonous. 


§  36  ASSAYING.  126 

m 

In  case  of  accidents,  it  is  well  to  remember  that  peroxide 
of  hydrogen  {H^O^  is  a  powerful  antidote  for  cyanide  poi- 
soning. It  has  been  applied  successfully  in  a  2^  to  3  per  cent, 
solution  as  hypodermic  injections,  which  were  applied  every 
four  minutes  at  different  parts  of  the  body.  At  the  same 
time  the  stomach  was  washed  out  with  a  2-per-cent.  H^O^ 
solution.  Peroxide  of  hydrogen  {Hfi^  forms  with  hydro- 
cyanic acid  {HCN)  "oxamide"  {CONH^,  which  is  a  harm- 
less compound,  thus:  'itHCN+  Hfi^  -  2C0NH^, 

231.  Standardizing. — The  cyanide  solution  is  stand- 
ardized by  titrating  solutions  containing  known  weights  of 
copper.  Weigh  up  two  charges  of  c.  p.  copper  foil,  of 
between  200  and  300  mg.  each  (the  weights  of  the  two 
charges  should  vary  considerably,  as  in  the  case  of  the  iron 
wire  for  standardizing  the  permanganate  solution),  place  in 
an  Erlenmeyer  or  flat-bottonaed  glass  flask  of  about  250  c.  c. 
capacity,  and  add  5  c.  c.  of  concentrated  HNO^.  The  cop- 
per will  immediately  dissolve  and  the  flasks  will  be  filled 
with  dense  red  fumes  of  nitric  oxide.  Place  the  flasks  on 
the  hot  plate  and  heat  until  the  red  fumes  are  completely 
expelled.  Then  remove,  dilute  the  contents  of  each  flask 
to  about  100  c.  c.  with  distilled  water,  and  add  10  c.  c.  of 
strong  ammonia  water.  Copper  hydrate  is  formed  and 
immediately  dissolves  in  the  excess  of  ammonia,  giving  a 
deep-blue  solution.     The  solution  is  now  ready  for  titration. 

Run  in  the  cyanide  solution  from  a  burette  (the  burette 
should  be  rinsed  with  water  and  finally  with  a  little  of  the 
cyanide  solution  before  starting  the  titration)  until  the 
color  begins  to  fade.  Then  allow  the  solution  to  stand  for 
about  10  minutes;  then  dilute  with  distilled  water  to  about 
200  c.  c,  and  finish  the  titration  very  carefully,  shaking  the 
flask  after  each  addition  of  cyanide.  It  is  advisable  to  hold 
a  little  of  the  copper  solution  in  reserve  in  case  the  end 
point  is  accidentally  passed.  The  end  point  most  commonly 
used  is  the  point  at  which  only  the  faintest  tinge  of  pink 
shows  at  the  upper  edges  of  the  solution  when  the  flask  is 
held  against  a  white  background  in  a  good  light.     Many 
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chemists  stop  somewhat  short  of  this,  while  the  entire  solu- 
tion retains  a  pink  tinge ;  and  some  go  beyond,  titrating  tiU 
all  the  color  has  disappeared.  The  latter  practice,  \s 
attended  with  considerable  risk  of  running  high,  howeverj 
with  the  former  it  is  rather  difficult  to  always^  strike  th^ 
same  tint,  and  even  if  there  is  no  error  made  in  thi^  way* 
unless  the  amount  of  copper  in  the  ore  solutions'  is  approxi- 
mately the  same  as  that  in  the  copper  solutions  used  for 
standardizing,  there  will  still  be  a  slight  discrepancy,  as  the 
exact  amount  of  unconverted  copper  hydrate  necessary  to 
impart  the  pink  tint  of  the  end  point  is  not  known.  The 
nearer  to  colorless  the  titration  is  carried,  the  smaller  jv'i^ 
be  the  error  due  to  unconverted  copper  hydrate. 

The  results  are  figured  exactly  as  in  the  permanganate 
standardization  (the  weight  of  copper  in  grams  divided  l?y 
the  number  of  c.  c.  of  cyanide  solution  used  =  the  standard 
of  the  solution).  The  average  of  the  two  determinations-7- 
if  they  check  satisfactorily — is  taken  as  the  standard  of  the 
solution.  ,  f 

TRBATMKNT  OF  COPPER    ORJBB. 

232.  Treat  duplicate  charges  of  ore,  of  1  g.  <each  (or 
\  g.  if  the  ore  is  very  rich  in  copper),  in  Erlenmeyer 
flasks  or  casseroles,  with  7  c.  c.  of  concentrated  HNO^  and 
5  c.  c.  of  concentrated  H^SO^  (commercial  acids  will  answer 
all  purposes).  Boil  until  the  nitric  acid  is  all  expelled 
and  the  sulphuric  acid  is  boiling  freely  and  giving  off  dense, 
white,  sulphurous  fumes.  Any  sulphur  in  the  ore  will  be 
partially,  or  sometimes  wholly,  volatilized,  part  of  it  recon- 
densing  in  the  neck  of  the  flask.  Any  sulphur  remaining  in 
the  bottom  of  the  flask  should  by  this  treatment  be  fused 
into  globules  which  are  yellow  when  cold  and  are  free  from 
copper.  Remove,  cool,  and  dilute  very  carefully  with  water 
to  about  50  c.  c.  Now  add  5  or  6  g.  of  commercial  sheet 
zinc,  cut  into  strips  weighing  2  or  3  g.  each.  Shake  the 
flask,  in  order  to  break  up  any  cake  which  may  have  formed 
in  the  bottom,  and  then  set  aside  and  allow  to  stand  for 
about  10  minutes.     By  that  time  all  the  copper  will  havp 
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been  precipitated.  Then  add  50  c.  c.  of  water  and  20  c.  c. 
concentrated  H^SO^^  to  rapidly  dissolve  the  excess  of  zinc. 
As  soon  as  the  zinc  is  all  dissolved,  fill  the  flask  up  to  the 
neck  with  water  (**  tap  "  water  will  answer  for  this  purpose); 
allow  the  copper  to  settle  out,  and  then  pour  the  water  off 
very  carefully,  leaving  the  copper  behind.  Repeat  this 
twice  more,  to  thoroughly  wash  out  the  zinc  sulphate.  Pour 
off  the  last  water,  add  5  c.  c.  of  concentrated  HNO^  (use 
c.  p.  acid  for  this),  and  dissolve  the  copper  in  the  same  way 
as*  the  foil  for  standardizing  was  dissolved.  From  here  on 
the  operations  are  exactly  the  same  as  in  the  standardization 
— dilute,  add  ammonia,  and  titrate.  It  is  usually  advisable 
to  filter  the  copper  hydrate  solution,  either  before  titrating 
or  when  all  but  about  2  or  3  per  cent,  of  the  copper  has  been 
neutralized.  The  object  of  this  filtration  is  to  remove  the 
gangue,  lead,  ferric  hydrate,  etc.,  which  may  be  present, 
and  afford  a  clear  solution  with  which  to  complete  the 
titration. 

233.  If  the  ore  contains  silver,  a  drop  of  HCl  should  be 
added  to  the  HNO^  solution  before  adding  the  ammonia ;  if 
there  is  very  much  silver,  2  drops  may  be  necessary;  any 
unnecessary  excess  should  be  avoided.  The  precipitated 
chloride  of  silver  is  then  filtered  off,  the  ammonia  added, 
and  the  solution  titrated  as  usual. 

234.  Strips  of  aluminum  may  be  used  instead  of  zinc 
for  precipitating  the  copper.  The  precipitated  copper  may 
be  dissolved  from  off  the  aluminum  with  nitric  acid  and  the 
strips  washed  and  used  over  and  over  again  until  they  get 
too  thin  to  handle. 

235«  If  an  ore  refuses  to  go  into  solution  with  HNO^ 
and  H^SO^^  a  few  drops  of  HCl  added  will  usually  suffice  to 
decompose  it.  Both  the  HCl  and  the  HNO^  must  be  thor- 
oughly expelled  (see  Art.  194)  before  precipitating  the 
copper,  otherwise  they  will  hold  a  little  copper  in  solution 
and  cause  a  low  result. 
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DBTBRMINATION  OF  COPPER  IN  SILVER  BULLION. 

236.  If  fine  bullion  contains  much  copper  and  is  to  be 
assayed  by  the  fire  assay,  it  is  necessary  to  know  the  pro- 
portion of  copper  present  in  order  to  make  up  the  proof 
assay  properly. 

To  determine  the  amount  of  copper,  dissolve  ^  g.  of  bul- 
lion in  dilute  nitric  acid  (the  bullion  should  be  beaten  or 
rolled  out  so  that  it  will  dissolve  rapidly)  and  add  HCl  in 
very  slight  excess.  Test  for  an  excess  of  HCl  from  time 
to  time  by  adding  a  drop  of  the  solution  to  a  drop  of  silver 
nitrate  solution.  As  soon  as  a  white  cloudiness  results,  the 
HCl  is  in  excess.  Then  filter  off  the  precipitate  of  silver 
chloride,  make  the  filtrate  alkaline  with  an  excess  of 
ammonia,  and  titrate  for  the  copper  as  usual. 


BLBCTROLYTIC  DBTBRMINING  OF  COPPBR. 

• 

237.  This  is  also  sometimes  called  the  battery  assay. 
There  are  several  slightly  different  methods  of  conducting 
the  electrical  determination  of  copper,  but  the  following  is 
a  good  general  method,  especially  where  zinc  and  antimony 
are  not  present  in  large  quantities :  The  sample  should  be 
passed  through  an  80-mesh  sieve.  When  determining  the 
contents  of  copper  mattes,  ^  gram  is  sufficient,  while  in  the 
case  of  ores  the  amount  taken  may  vary  from  1  to  2  grams, 
depending  upon  the  richness  of  the  ore,  and  in  the  case  of 
slags  3  grams  may  be  taken.  After  weighing  the  samples, 
they  are  placed  in  beakers  and  slightly  moistened  with  cold 
distilled  water.  Then  add  25  c.  c.  of  strong  nitric  acid  and 
10  to  15  drops  of  strong  sulphuric  acid.  The  beakers  should  be 
covered  with  watch-glasses  and  set  on  a  sand-bath,  where 
they  are  heated  until  the  nitrous  acid  fumes  have  all  passed 
off  and  the  copper  is  in  solution.  Wash  the  watch-glass 
down  into  the  beaker  and  evaporate  the  solution  until  cho- 
king white  fumes  of  sulphuric  acid  appear.  Set  the  beakers 
to  one  side  to  cool,  and  then  moisten  the  mass  with  dilute 
nitric  acid  (Sp.  Gr.  1.20),  using  about  6  or  7  c  c.  Also  add 
4  or  5  drops  of  sulphuric  acid  and  40  c.  c.  of  water.     Heat 


%  36  ASSAYING.  129 

on  the  sand-bath  until  the  mass  is  in  solution,  and  then  filter 
off  the  insoluble  residue.  The  residue  should  be  examined 
to  see  that  there  are  no  copper  minerals  left  undissolved. 
The  filtrate  is  saved  in  the  beaker  ready  for  precipitating  by 
means  of  electricity. 

The  electrical  energy  necessary  to  electrolyze  the  copper 
solution  may  be  furnished  by  one  of  the  various  forms  of 
batteries  or  from  a  dynamo.  The  gravity  cell  is  probably 
the  most  common  form  of  battery  employed  for  this  purpose, 
but  a  Grove  cell  will  usually  give  better  results,  even  though 
it  requires  more  care  in  its  manipulation.  It  is  best  to  have 
a  surplus  of  electrical  energy,  but  too  strong  a  current  must 
be  guarded  against.  Ordinarily  three  Grove  cells,  freshly 
made  up,  will  furnish  a  current  sufficient  to  deposit  the 
copper  from  six  to  eight  solutions,  none  of  which  contains 
more  than  .5  of  a  gram  of  copper  in  1  gram  of  sample. 

238.  The  copper  is  deposited  on  a  platinum  plate  called 
a  cathode,  and  another  platinum  surface  is  provided  to  act 
as  the  other  pole  for  the  elec- 
tricity, and  this  is  called  an 
anode.  Fig.  35  illustrates  a 
very  convenient  form  of 
cathode,  which  is  composed  of 
a  plain  platinum  cylinder 
about  2}  inches  long  and  1 
inch  in  diameter.  The  rod 
that  supports  it  is  4J  inches     fio.  bs.        fic.  m,  pio.  S7. 

long  and  usually  a  little  less  than  -j^  inch  in  diameter.  Such 
a  cathode  would  weigh  from  16  to  18  grams.  It  is  well  to 
have  the  cathodes  as  large  as  this,  on  account  of  the  fact 
that  they  afford  ample  surface  for  the  precipitation  of  the 
copper  without  its  accumulating  into  a  spongy  mass,  which 
would  cause  loss  while  weighing.  The  anode  may  be  made 
from  platinum  wire,  as  shown  in  Fig.  36.  The  wire  is  a 
little  less  than  -^  inch  in  diameter  and  the  straight  part  is 
about  7  inches  in  length.  The  lower  end  of  the  wire  is 
twisted  into  a  spiral,  which  is  situated  below  the  cathode  in 
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the  solution  to  be  treated.  The  diameter  of  the  spiral  coil 
is  about  1  inch.  One  advantage  of  this  form  of  anode  is 
that  it  affords  a  uniform  evolution  of  gas  throughout  the 
solution^  and  hence  tends  to  precipitate  copper  on  both  the 
inside  and  outside  of  the  cathode  in  an  even  manner. 

239.  The  solution  to  be  treated  is  placed  on  a  deep 
beaker  similar  to  that  shown  in  Fig.  37.  The  cathode  is 
connected  with  the  positive  pole  of  the  battery  and  the 
anode  with  the  negative  or  zinc  pole  of  the  battery.  The 
cathode  should  not  be  completely  immersed  in  the  solution 
to  be  treated,  and  when  it  is  supposed  that  all  the  copper 
has  been  deposited,  the  cathode  can  be  immersed  deeper  in 
the  solution  and  the  current  allowed  to  run  for  half  an  hour 
longer.  If  any  copper  deposits  on  the  clean  surface,  it  will 
show  at  once  that  all  the  metal  has  not  been  removed  from 
the  solution.  After  all  the  copper  has  been  deposited,  the 
anode  is  loosened  and  the  beaker  and  anode  removed,  leav- 
ing the  cathode  with  the  deposit  of  copper  hanging  to  the 
wire  connected  with  the  battery.  The  cathode  is  next 
washed  with  distilled  water  and  then  immersed  in  alcohol. 
What  alcohol  adheres  to  it  is  burned  off  so  as  to  ignite  and 
dry  the  cathode.  The  copper  should  appear  of  a  rosy  or 
pinkish  color.  After  the  cathode  has  cooled  to  the  tempera- 
ture of  the  room,  it  is  weighed,  and  the  difference  in  weight 
between  the  bare  cathode  and  this  second  weighing  is  taken 
as  the  amount  of  copper  in  the  sample  treated. 

240«  Too  strong  a  current  will  cause  too  strong  an 
evolution  of  gas  and  the  copper  will  deposit  dark  colored, 
while  if  zinc  is  present  it  may  deposit  on  the  copper.  By 
being  careful  with  the  work  and  determining  the  conditions 
best  suited  to  the  products  being  handled,  it  is  possible  to  do 
extremely  accurate  work  by  means  of  the  battery  assay. 
Copper  may  be  completely  deposited  and  removed  from  solu- 
tions containing  iron,  aluminum,  manganese,  zinc,  nickel, 
cobalt,  chromium,  cadmium,  lime,  barium,  strontium,  and 
magnesium.  The  solution  may  subsequently  be  employed 
for  the  determination  of  other  elements  which  it  contains. 
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r  •j'plie.  cathode  niay,  l^  cleaned  by  simply  dissolving  the 
.deppsitei4  copper  in  nitric  acid.  After  all  the  copper  is  dis- 
jSolyeid,  the  cathode  should  be  carefully  washed  to  remove 
any  acid  or  copper  salts  before  it  is  again  employed  for  a 
determination. 


LEAP   DETERMINATION. 

124  !•  Lead  may  be  determined  very  accurately  and 
icompa^atiyely  quickly  by  titration  with  a  standard  solution 
:6f  potassium  ferrocyianide. 


".  f 


•    ..  ^  STANDARD  SOLUTION. 

242.  The  ferrocyanide  solution  should  be  of  such  a 
strength  that  1  c.  c.  will  precipitate  approximately  10  mg. 
of  lead  as  ferfocyanide  of  lead.  Such  a  solution  is  made 
by  dissolving  14  g.  of  c.  p.  potassium  ferrocyanide  (free 
from  ferricyanide)  in  1  liter  of  distilled  water.  Keep  solu- 
tion* in  a  tightly  stoppered,  green-glass  bottle,  and  allow  to 
stand  at  least  one  day  before  standardizing. 

/  243.  Standardizins:* — The  solution  is  standardized 
by  titrating  check  solutions  containing  known  quantities  of 
lead.  Dissolve  two  portions  of  pure  lead  sulphate,  weigh- 
ing between  200  and  300  mg.  each,  in  hot  ammonium  acetate, 
made  as  described  in  Art.  227.  Dilute  each  solution  to 
about  180  c.  c,  in  a  250-c.  c.  beaker,  heat  nearly  to  boiling, 
arid  then  titrate.  The  titration  is  conducted  in  the  same 
manner  as  the  bichromate  titration  for  iron  (see  Art.  184). 
A  moderately  strong  solutipn  of  uranium  acetate — made  by 
dissolving  the  c.  p.  salt  in  water  and  adding  a  few  drops  of 
acetic  "acid  to  clarify  the  solution — is  used  as  an  indicator. 
This  solution  should  be  kept  tightly  stoppered,  in  a  dark 
place,  as  it  decomposes  rapidly  "when  exposed  to  light  and 
air.  As  long  as  there  is  not  an  excess  of  ferrocyanide  in 
tl)e  lead  solution,  the  indicator  solution  on  the  spot-plate 
will  not  t>e  affected  by  the  addition  of  a  drop  of  the  lead 
solution;  as  soon  a§  there  is  the  least  excess  of  ferrocyanide, 
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however,  it  will  turn  the  indicator  solution  brown,  the  shade 
becoming  darker  as  the  excess  of  ferrocyanide  increases. 
The  first  tinge  of  brown  in  the  uranium-acetate  solution 
marks  the  end  of  the  titration. 


TRBATMBNT  OF  LEAD  ORBS. 

244.  Treat  duplicate  1-g.  charges  of  ore  (or  |-g.  charges 
if  the  ore  is  rich  in  lead)  in  casseroles,  with  15  c.  c.  of  con- 
centrated HNO^  and  10  c.  c.  of  concentrated  H^SO^,  Boil 
until  the  nitric  acid  is  completely  expelled  and  the  sulphuric 
acid  is  giving  off  dense,  white,  sulphurous  fumes.  Then 
remove  and  cool.  Dilute  very  carefully  with  cold  distilled 
water,  stir  thoroughly  to  break  up  clots,  and  then  boil  until 
all  soluble  sulphates  are  in  solution.  Filter,  leaving  as 
much  as  possible  of  the  residue  in  the  casserole,  and  then 
wash  this  residue  twice  with  hot  dilute  sulphuric  acid  (very 
dilute — 1  per  cent,  concentrated  acid)  and  once  with  cold 
water,  pouring  the  washings  upon  the  filter.  Wash  the 
precipitate  on  the  filter  back  into  the  casserole,  using  as 
little  water  as  possible,  and  then  add  30  c.  c.  of  a  saturated 
solution  of  ammonium  carbonate.  (A  solution  of  any  salt 
is  saturated  when  it  will  dissolve  no  more  of  the  salt.) 
Heat  quickly  to  boiling,  with  only  a  screen  between  the 
flame  and  the  casserole,  and  boil  for  a  minute,  in  order  to 
decompose  any  calcium  sulphate  that  may  have  formed 
along  with  the  lead  sulphate;  otherwise  the  calcium  will 
react  on  the  lead  and  cause  a  low  result.  Filter,  and  wash 
the  precipitate  thoroughly  with  hot  water  containing  a  little 
ammonium  carbonate.  Dissolve  the  washed  carbonate  of 
lead  with  strong  c.  p.  acetic  acid;  dilute  to  180  c.  c.  and 
titrate.  The  results  are  figured  as  usual  in  volumetric 
work.     The  average  result  of  the  two  titrations  is  taken. 


ZINC  DETERMINATION. 

245.  Zinc  is  commonly  determined  volumetrically  by 
means  of  a  standard  solution  of  potassium  ferrocyanide, 
which  precipitates  the  zinc  as  ferrocyanide  of  zinc. 
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STANDARD  SOLUTION. 

246.  The  ferrocyanide  solution  should  be  of  such  a 
strength  that  1  c.  c.  will  precipitate,  approximately,  10  mg. 
of  zinc  from  solution.  Such  a  solution  is  made  by  dissolv- 
ing 46  g.  of  c.  p.  potassium  ferrocyanide  in  1  liter  of  distilled 
water.  The  solution  should  be  kept  in  a  colored  bottle,  and 
should  be  allowed  to  stand  at  least  one  day  before  stand- 
ardizing. 

247.  Btandardisinff. — Weigh  out  two  charges  of 
between  200  and  250  mg.  each  of  c.  p.  zinc  oxide  which 
has  been  previously  heated  in  a  porcelain  crucible,  to  drive 
off  moisture  and  convert  any  carbonate  of  zinc  into  oxide. 
The  oxide  will  turn  yellow  on  heating,  but  will  resume  its 
white  color  when  cold. 

Transfer  the  two  accurately  weighed  charges  to  beakers 
of  about  300  c.  c.  capacity  and  dissolve  the  oxide  by  adding 
5  c.  c.  of  concentrated  HCL  Dilute  with  about  50  c.  c.  of 
distilled  water.  Add  ammonia  in  slight  excess,  and  then 
neutralize  with  HCl^  using  litmus  paper  as  an  indicator. 
(The  addition* of  ammonia  and  its  neutralization  with  HCl 
are  not  necessary,  but  are  done  simply  to  have  the  condi- 
tions of  the  standardization  as  nearly  as  possible  the  same 
as  the  conditions  of  an  actual  analysis.)  To  the  neutral 
solution  add  an  excess  of  10  c.  c.  of  concentrated  HCl\  then 
dilute  the  solution  to  250  c.  c.  with  cold  distilled  water 
and  titrate.  The  titration  is  conducted  like  the  titration 
for  lead,  using  an  indicator  solution  of  uranium  acetate. 

In  all  subsequent  titrations  be  careful  to  have  the  condi- 
tions as  nearly  as  possible  the  same  as  in  the  standardiza- 
tion; the  bulk  of  the  solutions  should  always  be  the  same; 
the  zinc  solution  should  be  warm  (but  not  too.  hot  to- 
handle)  and  should  contain  the  same  excess  of  HCl  in  all 
cases,  and  the  temperature  of  the  standard  solution  should 
not  vary  much,  if  good  results  are  desired.  The  precipitate 
of  ferrocyanide  of  zinc  should  come  down  pure  white,  and 
the  solution  should  be  colorless  or  nearly  so. 
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TRBikTMENT  OP  ZINC  ORtSS. 

248.  Treat  duplicate  1-g.  charges  of  ote  in  casseroles 
with  15  c.  c.  of  aqua  regia  (2  parts  HCl  and  1  part  HNO^^ 
evaporating  nearly  to  dryness.  When  the  contents  of  the 
casserole  are  nearly  dry,  add  25  c.  c.  of  a  solution  of  potas- 
sium chlorate  in  nitric  acid,  made  by  shaking  an  excess  of 
crystals  of  c.  p.  potassium  chlorate  with  concentrated  HNO^ 
in  a  flask.  (This  solution  must  be  handled  with  care  and 
kept  in  an  open  flask,  as  it  is  a  violent  explosive.)  Add  the 
solution  very  gradually  and  warm  the  casserole  gehfly, 
without  covering,  until  violent  action  ceases  and  no  more 
greenish  fumes  are  given  off.  Then  cover  with  a  waltch- 
glass  and  run  down  to  dryness.  As  soon  as  the  mass  is  dr jr, 
and  the  last  drop  of  acid  condensed  on  the  watch-glass  lias 
evaporated,  remove  the  casserole  from  the  hot  plate;  over- 
heating or  baking  the  residue  will  cause  more  or  less  error. 
Cool  the  casserole,  and  then  add  7  g.  of  c.  p.  ammonium 
chloride,  15  c.  c.  of  strong  ammonia,  And  25  C;  c.  of  hot  dis- 
tilled water.  Boil  for  one  minute,  stirring  meanwhile  with 
a  rubber- tipped  glass  rod,  to  break  up  any  clots;. rub  off  any 
splashes  that  may  have  dried  on  the  sides,  and  cover.  Thei^ 
filter  into  a  250-c.  c.  flask  and  wash  the  residue  several 
times  with  a  hot  solution  of  ammonium  chloride,  made  by 
dissolving  10  g.  of  c.  p.  ammonium  chloride  in  1  liter  of 
distilled  water  and  adding  a  few  drops  of  ammonia  to  make 
the  solution  alkaline.  Any  iron  and  aluminum  in  thfe  solu- 
tion will  be  precipitated  as  hydrates  by  the  ammonia.  If 
the  precipitate  is  heavy,  it  is  apt  to  carry  down  some  zinc 
hydrate  with  it,  and  should  be  filtered  out,  wished  well, 
transferred  to  a  casserole  (using  as  little  water  as  possible),' 
evaporated  down  to  dryness,  and  then  treated  with  the 
solution  of  potassium  chlorate  in  nitric  acid  in  the  same 
manner  as  the  ore  was  first  treated.  Run  dowa-  to  dryness, 
and  again  treat  with  ammonium  chloride  and  ammonia,  as 
in  the  case  of  the  ore ;  filter  off  the  precipitated  iron  and 
aluminum  hydrates  again,  washing  with  the  hot  ammonium- 
chloride  solution,  and  add  the  filtrate  and  washings  to  the 
first  filtrate.     If  the  first  precipitate  of  hydrates  is  small, 
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however,  the  little  zinc  it  carries  down  may  be  neglected. 
Filter  the  precipitate  out,  wash  as  before  described,  and 
proceed.  If  the  filtrate  is  blue,  it  contains  copper,  which 
must  be  removed  before  titrating.  Add  HCl  till  the 
solution  is  neutral  (indicated  by  the  disappearance  of  the 
blue  color  if  copper  is  present,  or  by  blue  litmus  paper 
turning  red  if  the  solution  contains  no  copper)  and  then 
add  10  c.  c.  excess  of  concentrated  HCl.  Then,  if  the  solu- 
tion contains  copper,  add  20  to  40  g.  of  test  lead  and  boil 
the  solution  until  all  the  copper  is  precipitated.  Then 
decant  the  solution  from  the  lead  into  a  beaker,  wash  the 
lead  and  precipitated  copper  thoroughly,  add  the  washings 
to  the  main  solution,  and  then  titrate  as  in  the  standard- 
ization. 

249.  If,  as  may  sometimes  happen,  the  ore  will  not 
decompose  completely  by  treatment  with  aqua  regia,  evapo- 
rate the  solution  to  dryness,  dissolve  out  the  soluble  salts 
with  water,  and  filter  off  the  insoluble  residue.  Fuse  the 
insoluble  residue  in  a  porcelain  criicible  with  carbonate  and 
nitrate  of  soda,  dissolve  the  fused  mass  with  water  and 
nitric  acid,  filter  off  the  silica,  and  add  the  filtrate  to  the 
first  filtrate.  Evaporate  nearly  to  dryness  and  proceed  as 
before. 


SULPHUR    DETERMINATION. 

250.  The  following  method  will  be  found  useful  for  the 
determination  of  sulphur  in  practically  any  compound: 
Fuse  1  gram  of  the  substance  with  from  one  to  two  sticks 
of  potassium  hydrate — KOH — (the  c.  p.  caustic  potassium 
by  alcohol  should  be  used,  as  any  other  generally  contains 
sulphur,  and  even  this  should  be  tested  to  be  sure  that  no 
sulphur  is  present)  in  a  silver  crucible  (a  crucible  lined  with 
gold  is  to  be  preferred,  as  the  alkali  generally  attacks  the 
silver  crucible  to  a  slight  extent)  over  a  spirit-lamp.  The 
best  method  of  making  the  fusion  is  to  place  the  KOH  in 
the  crucible  and  heat  over  the  spirit-lamp  until  the  fused 
mass  is  quiet.     Remove  the  lamp  from  under  the  crucible. 
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brush  the  substance  into  it,  and  heat  for  from  five  to  thirty 
minutes,  or  until  the  substance  is  thoroughly  decomposed. 
(A  spirit-lamp  is  used  on  account  of  the  fact  that  gas  always 
contains  more  or  less  sulphur,  and  were  the  gas  fiame 
employed,  sulphur  would  be  introduced  into  the  material 
in  the  crucible.)  After  the  material  in  the  crucible  is 
thoroughly  fused,  it  should  be  removed  from  the  flame  and 
allowed  to  cool.  As  soon  as  cold,  dissolve  out  the  mass  in 
a  beaker  with  warm  water,  and  when  it  is  all  transferred  to 
the  beaker  boil  and  filter.  Wash  the  filter  with  boiling 
water  until  the  washings  come  through  free  from  sulphides 
or  sulphates.  Add  to  the  filtrate  from  20  to  40  c.  c.  of 
bromine  water,  heat  to  about  90°  C,  and  then  acidify  with 
HCl.  If  the  substance  contains  silica,  it  will  now  be  in 
solution  and  must  be  removed  by  evaporating  to  dryness, 
heating  the  dry  material  to  render  the  silica  insoluble,  and 
then  taking  up  the  remainder  of  the  material  with  water 
and  HCl^  after  which  the  silica,  which  has  been  rendered 
insoluble,  may  be  filtered  off.  Boil  the  filtrate  from  the 
silica  and  add  a  boiling  solution  of  barium  chloride  {BaCl^ 
until  all  the  sulphur  is  precipitated  as  barium  sulphate 
{BaSO^),  By  heating  the  barium-chloride  solution  before 
adding  it  to  the  solution,  the  barium  sulphate  will  be  pre- 
cipitated almost  immediately,  while  if  the  solution  were  cold 
it  would  take  some  time.  After  the  addition  of  barium 
chloride,  the  solution  is  brought  to  a  boil  and  then  removed 
to  a  warm  place  and  allowed  to  settle.  When  the  precipi- 
tate has  settled  to  the  bottom,  filter  and  wash  the  precipitate 
thoroughly  with  boiling  water;  then  drop  a  few  drops  of 
dilute  HC/  around  the  edge  of  the  filter  paper  and  wash 
twice  more  with  hot  water.  The  last  washing  should  be 
tested  with  silver  nitrate  to  be  sure  that  all  the  HCl  has 
been  removed.  The  object  of  the  last  washing  with  HC/  is 
to  insure  the  removal  of  all  the  calcium  salts. 

The  precipitate  should  now  be  dried  by  removing  the 
funnel  and  filter  paper  to  a  ring  stand  or  some  suitable  sup- 
port and  warming  until  the  precipitate  is  dry.  It  may  then 
be  removed  from  the  filter  paper  by  placing  a  platinum 
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crucible  on  a  sheet  of  glazed  paper  or  a  clean  watch-glass 
and  gently  rolling  the  filter  paper  between  the  fingers  over 
it  in  such  a  manner  as  to  rub  off  the  precipitate.  After  all 
the  precipitate  that  it  is  possible  to  remove  has  been  trans- 
ferred to  the  crucible,  the  filter  paper  should  be  rolled  up, 
placed  on  the  lid  of  the  platinum  crucible,  and  burned  by 
holding  the  platinum  over  the  flame  of  a  burner  or  spirit- 
lamp.  The  ash  of  the  filter  paper  is  then  added  to  the  con- 
tents of  the  crucible  and  the  whole  ignited  in  a  muffle  or 
over  a  blast-lamp.  The  crucible  is  then  cooled,  when  its 
contents  should  be  perfectly  white.  The  precipitate  may  be 
weighed  either  by  transferring  from  the  crucible  to  the 
watch-glass  of  a  balance  or  by  weighing  with  the  crucible. 
The  weight  of  the  barium  sulphate,  less  the  known  weight 
of  the  ash  of  the  filter  paper,  multiplied  by  0.13734,  will  be 
the  weight  of  the  sulphur  present  in  the  amount  of  the 
substance  taken. 

251.  When  silica  is  not  present,  the  evaporation  of  the 
filtrate  from  the  solution  of  the  fusion  can  be  omitted,  which 
will  greatly  shorten  the  method.  When  evaporating  to 
dryness,  care  must  be  taken  on  account  of  the  fact  that  if 
it  is  done  too  rapidly  some  of  the  material  is  liable  to  be  lost 
by  spurting. 

PREPARATION    OF    REAGENTS. 

252.  The  following  table  of  proportions  for  the  prep- 
aration of  reagents  may  be  found  useful.  The  concentrated 
acids  have  not  been  included  in  the  table  on  account  of  the 
fact  that  they  are  used  as  received  from  the  supply  houses. 

Dilute  hydrochloric  (  One  portion  of  HCl  to  8  portions  of 
acid  {HCi).  \  water  by  volume. 

Dilute  nitric  acid  (  One  portion  of  concentrated  HNO%  to 
{NHOt)'  \  3  portions  of  water  by  volume. 

One  volume  of  concentrated  nitric  acid 
added  to  3  volumes  of  hydrochloric  acid 
forms  aqua  regia,  which  should  be  pre- 
pared only  as  required.  It  may  be  used 
either  concentrated  or  dilute. 


Nitro-hydrochloricacid 
(aqua  regia). 


iV.  M.     II— 3> 
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Dilute   sulphuric  acid 


One  portion  of  concentrated  HtSOi  to 
4  portions  of  water  by  volume. 

Note. — Always  pour  the  concentrated 
acid  into  the  water,  and  never  water  into 
the  concentrated-  acid.  The  union  of  sul- 
phuric acid  and  water  produces  heat,  and  if 
water  were  poured  into  the  acid  an  explo- 
sion might  result. 

Note. — Some  chemists  use  1  portion  of 
concentrated  acid  to  4  portions  of  water 
for  all  the  dilute  reagents. 


.  . ,   r      One   portion   of    d3%   acid    to  1  portion 
u  1 1  u  k  e    acetic     aciu  i-       a_i_         i  ■*        ^*         ^    %     •  t 
-<  of  water  by  volume,  or  1  portion  of  glacial 

I  to  4  of  water. 


{I/CtI/»Oty 


One  gran)  of  the  crystals  to  10  c.  c.  of 
Oxalic  acid   {HtCtO^.  \  water,  which  makes  a  practically  saturated 

L  solution. 


Tartaric      acid 
iHtC,I/,0.). 


■j      One  gram  of  crystals  to  8  c.  c.  of  water. 


Hydric-sulphide  or  sul- 
phureted  hydrogen^ 


This  is  formed  by  treating  iron  sulphide 
{/^eS )  with  sulphuric  acid.  If  iron  sulphide 
can  not  be  obtained,  it  may  be  prepared  by 
fusing  iron  nails  with  sulphur,  in  the  pro- 
portion of  about  1  part  by  weight  of  iron 
to  2  parts  by  weight  of  sulphur.  //tS  gas 
may  be  led  into  water  until  the  water 
is  saturated  and  the  saturated  water  used 
as  a  reagent.  The  water  should  be  kept  in 
colored-glass  bottles,  as  it  is  quickly  decom- 
posed when  exposed  to  the  light.  When  it 
is  desired  to  precipitate  any  substance 
from  the  solution  by  means  of  /fa 5,  it  will 
be  better  to  conduct  the  gas  itself  into  the 
solution  than  to  employ  water  charged  with 
the  gas,  on  account  of  the  fact  that  in  order 
to  add  a  sufficient  amount  of  gas,  it  would 
be  necessary  to  add  a  very  large  amount  of 
water,  thus  unnecessarily  increasing  the 
bulk  of  the  solution. 
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Chlorine    or 
water  (C/). 


chlorine 


Chl9rine  may  be  generated  by  treating 
bleaching  powder  (chloride  of  lime,  CaOCl%) 
with  sulphuric  acid,  and  the  gas  may  be 
absorbed  in  water,  but  chlorine  water  must 
be  kept  in  a  colored-glass  bottle  or  in  the 
dark,  for  in  the  light  the  chlorine  will 
decompose  water  and  form  hydrochloric 
acid  i^HCl). 

Note. — Chlorine  gas  may  also  be  pre- 
pared by  mixing  50  grams  of  coarse  salt 
and  40  grams  of  powdered  black  oxide  of 
manganese,  and  adding  to  it  when  cold  a 
mixture  of  1^  grams  of  concentrated 
sulphuric  acid  and  60  grams  of  water; 
shake  well  together  and  warm,  gently  col- 
lecting the  gas  as  it  comes  over  in  water 
,  contained  in  a  black-glass  bottle. 


Ammonium     chloride 


to, 


One  gram  of  the  crystallized  salt  to  8  c.  c. 
water. 


r  The  ordinary  commercial  carbonate 
(known  as  sesqui-carbonate)  produces  in 
solution  a  mixture  of  the  neutral  and  acid 
carbonates.  This  is  objectionable  when  the 
neutral  carbonate  is  to  be  used,  and  hence 
the  reagent  should  be  made  up  as  follows: 
Dissolve  the  crystallized  sesqui-carbonate 
in  the  proportion  of  1  gram  of  the  sesqui- 
carbonate  to  4  c.  c.  of  water  and  then  add 
1  c.  c.  of  concentrated  ammonium  hydrate 

L  {NH^OH). 


Ammonium    oxalate  (       One   gram   of   the   crystallized    salt  to 


Ammonium  carbonate 
(NH,)^COt, 


(NH.hC^O,. 


Plumbic  or    lead  ace- 


! 


20  c.  c.  of  water. 


T^L.^^  TT  ^  \      One  gram  of  salt  to  10  c.  c.  of  water. 

]      One  gram  of  salt  to  10  c.  c.  of  water. 


Potassium      chromate 
{K^CrO,). 


Potassium 


cyanide 


One  gram  of  salt  to  4  c.  c.  of  water. 

Note.— Great  care  should  be  taken  in 
handling  potassium  cyanide,  as  it  is 
extremely  poisonous. 
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Potassium    hydrate  (       ^  .        r     t^  *    ha  r       *. 

f^nH\  \  gram  of  salt  to  10  c.  c.  of  water. 

Potassium  iodide  (AV).  -j       One  gram  of  the  salt  to  25  c.  c.  of  water. 


Potassium  f  e  r  r  i  c  y  a  - 
nide  K^Fe{CN\, 

Potassium    sulphocya- 
nate  (A'CW5). 

Potassium   ferrocya- 
nide  K^Fe{CN)^, 


I 


Sodium      carbonate 
(Na^COt). 


Sodium     hydrate 
{NaOH). 


Ammonium     sulphide 
{NH,)tS. 


Yellow  ammonium  sul- 
phide (NH^)^S2. 


One  gram  of  the  salt  to  10  c.  c.  of  water. 

Dissolve  1  gram  of  the^salt  to  10  c.  c. 
of  water. 

One  gram  of  the  salt  to  10  c.  c.  of  water. 

When  dry  sodium  carbonate  is  employed, 
1  gram  of  the  material  to  5  c.  c.  of  water 
makes  a  practically  concentrated  solution, 
while  if  the  crystals  are  employed  it  would 
require  2.7  grams  to  5  c.  c.  of  water.  This 
is  on  account  of  the  fact  that  the  crystals 
contain  water  of  crystallization. 

\      One  gram  of  salt  to  10  c.  c.  of  water. 

Conduct  hydrogen  sulphide  gas  (I/tS) 
into  a  bottle  two-thirds  full  of  concentrated 
ammonia  hydrate  {NHkOH)  until  it  is 
saturated,  which  is  indicated  by  the  bubbles 
coming  from  the  liquid  undiminished  in 
size.  Fill  the  bottle  with  concentrated 
ammonia  and  mix  it  thoroughly.  This 
stock  solution  should  be  kept  in  full  tightly 
stoppered  bottles,  and  the  bottles  should  be 
colored,  as  light  decomposes  the  ammonia 
sulphide.  Before  using,  the  stock  solution 
should  be  diluted  with  twice  its  volume  of 
water,  and  this  diluted  solution  should  be 
kept  in  the  ordinary  colored-glass  reagent 
bottle. 


This  is  made  by  adding  a  small  quantity 
of  flower  of  sulphur  to  common  ammonia 
sulphide  and  shaking  until  the  sulphur  is 
dissolved.  Enough  sulphur  should  be  added 
to  give  the  solution  an  amber  color. 


Barium     chloride 


I 


One  gram   of    the    crystallized    salt    to 
10  c.  c.  of  water. 
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Barium    carbonate 
(BaCO^). 


Barium 
Ba{pH\, 


hydrate 


Bromine 
{Br-hH^O). 


water 


Calcium  hydrate  or 
lime  water  Ca{OH)t. 


Sodium 


ace  tate 


Argenic  or  silver    ni- 
trate (AgNOt), 


Barium  carbonate  may  be  prepared  by 
precipitating  a  pure  barium  chloride  solu- 
tion with  ammonium  carbonate ;  then  wash 
on  the  filter  until  all  the  ammonia  salts 
have  been  removed.  The  wet  precipitate 
should  be  stirred  into  the  water  so  as  to 
form  a  thin  cream  or  emulsion.  It  should 
be  thoroughly  mixed  before  using. 

Barium  hydrate  may  be  prepared  by  dis- 
solving salt  in  the  proportion  of  1  gram  of 
salt  to  10  c.  c.  of  water.  This  should  be 
digested  or  heated  for  several  hours  and 
then  the  pure  liquid  Altered  off  and  kept 
in  a  well-stoppered  bottle. 

Bromine  water  may  be  formed  by  making 
a  saturated  solution  of  bromine  in  distilled 
water.  It  should  be  kept  in  a  tightly  stop- 
pered colored-glass  bottle  and  in  a  cool 
place.  When  opening  the  bromine  water 
in  warm  weather,  care  should  be  taken, 
for  there  is  liable  to  be  a  sudden  rush  of 
vapor  upon  withdrawing  the  stopper,  and 
this  vapor  is  not  only  disagreeable,  but 
somewhat  poisonous. 

This  may  be  prepared  by  slacking  fresh 
quicklime  and  adding  a  large  quantity  of 
water  placed  in  a  large  glass  bottle,  and 
shake  well  several  times;  then  allow  to 
settle.  The  clear  solution  can  be  decanted 
off  and  used  as  a  reagent.  It  contains 
1  part  of  lime  and  several  hundred  parts 
of  water. 


■j       One  gram  of  salt  to  10  c.  c.  of  water. 
\      One  gram  of  salt  to  25  c.  c.  of  water. 


Stannous 
(SnC/t), 


chloride 


One  gram  of  the  salt  to  8  c.  c.  of  NC/ 
and  8  c.  c.  of  water.  Metallic  tin  should 
be  kept  in  solution  and  should  be  kept 
from  the  air  to  prevent  the  formation  of 
oxides. 
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WEIGHTS    AND    MEASURES. 


ENGLISH    AND    METRIC    SYSTEMS. 


AVOIRDUPOIS   -WBIGHT. 

16  drams  (dr.) =     1  ounce oz. 

16  ounces =     1  pound lb. 

100  pounds =    1  hundredweight. .  .cwi. 


20cwt.,  or  2,000  lb. 


=     1  ton, 


T.  = 


28.3495  g. 
453.5920  g. 

45.359  Kg. 
907.184  Kg. 


TROY    WBIGHT. 


24  grains  {gr.) =    1  pennyweight. .  . . pwi. 

20  pennyweights =     1  ounce oz. 

12  ounces =    1  pound ib. 


1.5552  g. 

81.1036  g. 

373.2419  g. 


MBASURBS   OP   LBNGTH   {Metric). 

The   meter    is    the    unit  of   lengthy    and    is    equal    to 
39.37  inches,  nearly. 


10  millimeters  {mm.). . . 
10  centimeters 

^    .^ 

1  centimeter. . . 

cm. 

=      0.8937  in. 

1  decimeter 

1  meter .. . 

1  dekameter 

1  hektometer . . . 

1  kilometer 

1  myriameter. . . 

dm. 

m. 

. . . .  Dm. 

, . .  .Mm. 

, . .  .Km. 

..  .Mm. 

—      8.987  in. 

10  decimeters 

,    , 

=      3.28  ft. 

10  meters 

^^^ 

=     82.8  ft. 

10  dekameters 

^^^ 

=  828.09  ft. 

10  hektometers 

^^^ 

—      0.62137  mi 

10  kilometers 

,    „ 

=      6.2187  mi. 

MBASURBS   OP    liVBIGHT   {.Metric). 

The  grram  is  the  unit  of  weighty  and  is  equal  to 
15.432  grains,  or  the  weight  of  a  cube  of  pure  distilled 
water  at  4"^  C,  the  edge  of  which  is  one  one-hundredth 
(tJ^tt)  ^^  ^  meter. 


10  milligrams  {mg.) .  = 

10  centigrams = 

10  decigrams = 

10  grams *  = 

10  dekagrams = 


10  hektograms =j 

10  kilograms 


1  centigram eg.  =  0.15  gr. 

1  decigram dg.  =  1.54  gr. 

1  gram g.  =  15.432  gr. 

1  dekagram Dg.   =  154.32  gr. 

1  hektogram Hg.  =  3.53  oz.,  avoir. 

kilogram  ,          ^^  ^   ^  ^^^ 

or  kilo      )     ^ 

=    1  myriagram Mg,  =  22.05  lb.,  avoir. 
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CUBIC   MBASURB   {^Metric), 

1,000  cubic  centimeters  (c.  c.  or  cm,''')  =  1  cubic  decimeter,  or  liter  (/.). 
1  liter  of  water  at  4**  C.  weighs  2.3  lb.,  avoirdupois. 
1,000  cubic  decimeters  =  1  cubic  meter  {cu.  m.),  or  kiloliter  (AV.). 
1  kiloliter  of  water  at  4*  C.  weighs  32.04  cwt. 


ASSAY-TON    WEIGHTS. 

//  vi/  -i  ^  ^ssay  tons  =  116.66666  grams. 

Multiples ^2  ^^^y  ^^^^  ^    58.33333  grams. 

Unit The  assay  ton  (^A,  T.)  is  equal  to  29.16666  grams. 

See  Art,  30. 

^  assay  ton  =  9.7222  grams. 

Subdivisions J  i  assay  ton  =  4.8611  grams. 

^  assay  ton  =  2.9166  grams. 
^^  assay  ton  =  1.4583  grams. 
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QUESTIONS    AND    EXAMPLES 

Relating   to  the   Subjects 
Treated  of  in  this  Volume. 


It  will  be  noticed  that  the  various  Examination  Ques- 
tions that  follow  have  been  divided  into  sections  to  which 
have  been  assigned  the  same  section  numbers  as  the  Instruc- 
tion Papers  to  which  they  refer.  No  attempt  should  be 
made  to  answer  any  of  the  questions  or  to  solve  any  of  the 
examples  until  the  Instruction  Paper  having  the  same  sec- 
tion number  as  the  section  in  which  the  questions  or 
examples  occur  has  been  carefully  studied. 


STEAM  AND  STEAM-BOILERS. 


EXAMINATION   QUESTIONS. 

(1188)  {a)  What  is  heat  ?  (d)  Suppose  a  closed  vessel 
containing  air  is  placed  in  a  furnace;  describe  the  effect  of 
the  heat  upon  the  molecules  of  the  air.  (c)  If  the  vessel  is 
so  arranged  that  the  air  can  not  escape  or  expand,  will  the 
pressure  of  the  air  increase  as  it  is  heated  ?     (d)  Why  ? 

(1189)  (a)  What  is  temperature  ?  (b)  Describe  the  ther- 
mometer,    (c)  Of  what  is  temperature  a  measure  ? 

(1190)  A  bar  of  iron  weighing  2^  pounds  has  a  tempera- 
ture of  460°.  Does  the  bar  contain  more  or  less  heat  than 
10  pounds  of  water  at  60°'  ? 

(1191)  (a)  What  are  some  of  the  effects  of  heat  ?  (b) 
Give  some  practical  illustrations  of  the  expansion  of  bodies 
by  heat. 

(1192)  (a)  What  is  a  B.  T.  U.  ?  (b)  What  is  latent  heat  ? 
(c)  What  is  sensible  heat  ?  (d)  What  is  meant  by  the 
specific  heat  of  a  substance  ? 

(1193)  A  pound  of  ice  at  16°  is  heated  until  it  finally  is 
changed  to  steam  at  atmospheric  pressure,  {a)  Describe 
the  action  of  the  heat  upon  the  ice  and  wa.ter.  {b)  How 
many  B.  T.  U.  are  required  for  the  operation  ?  {c)  What 
part  of  the  heat  applied  is  sensible  heat  ?  (d)  What  part  is 
latent  heat  ? 

(1194)  (a)  What  is  the  mechanical  equivalent  of  heat? 
{b)  Give  examples  of  heat  changed  to  work,  and  7ncc  versa, 
{c)  How  many  foot-pounds  of  work  are  equivalent  to  SOj- 
B.  T.  U.?  Ans.    (r)  23,729  ft. -lb. 

(1195)  Assuming   20^^   of   the   heat  to  be  utilized,  how 
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many  heat-units  per  hour  are  required  to  run  an  engine  de- 
veloping 35  horsepower?  Ans.   445,372.5  B.  T.  U. 

(1196)  In  a  power  plant,  the  engine  extracts  8^  of  the 
heat  produced  by  the  combustion  of  the  coal.  Assuming 
that  the  combustion  of  the  coal  produces  14,000  B.  T.  U. 
per  pound,  how  many  pounds  of  coal  per  H.  P.  per  hour  are 
used  by  the  engine  ?  Ans.   2.27  lb. 

(1197)  How  many  B.  T.  U.  are  required  to  raise  the 
temperature  of  22^  pounds  of  sulphur  from  44°  to  68°? 

Ans.   109.4  B.  T.  U. 

(1198)  (a)  What  is  the  latent  heat  of  fusion  of  ice  ?  (b) 
How  many  B.  T.  U.  are  required  to  melt  a  cake  of  ice 
weighing  11  pounds  and  having  a  temperature  of  17°? 

Ans.   (*)  1,667.16  B.  T.  U. 

(1199)  How  many  B.  T.  U.  are  required  to  raise  6  pounds 
of  superheated  steam  from  310°  to  342°? 

Ans.   92.256  B.  T.  U. 

(1200)  A  ball  of  copper  at  305°,  weighing  18  pounds,  and 
an  iron  rod  at  278°,  weighing  13  pounds,  are  plunged  into  a 
bath  of  water  at  56°.  If  the  water  weighs  32  pounds,  what 
will  be  its  final  temperature  ?  Ans.   77.45°. 

(1201)  (a)  How  many  B.  T.  U.  are  required  to  change  a 
pound  of  water  at  212°  into  steam  at  atmospheric  pressure  ? 
{6)  How  many  B.  T.  U.  are  required  to  change  8  pounds  of 
water  at  63°  into  steam  at  212°?       Ans.   (6)  8,920  B.  T.  U. 

(1202)  How  many  B.  T.  U.  are  required  to  change  2.2  lb. 
of  ice  at  23°  into  steam  at  212°?  Ans.   2,847.98  B.  T.  U. 

(1203)  (a)  W^^t  is  saturated  steam  ?  (d)  superheated 
steam  ?  (c)  In  what  way  does  saturated  steam  differ  from 
a  perfect  gas  ? 

(1204)  (a)  What  are  the  essential  features  of  the  hori- 
zontal fire-box  or  locomotive-boiler  ?  (/;)  of  the  water-tube 
boiler  ? 

(1205)  What  is  the  difference  between  an  externally  fired 
flue-boiler  and  a  return  tubular  boiler  ? 
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(1206)  In  a  fire-box  or  locomotive-boiler,  what  method 
is  employed  to  strengthen  the  furnace  and  the  external  por- 
tion of  the  boiler  which  surrounds  the  furnace  ? 

(1207)  Describe  four  different  ways  of  setting  boilers,  and 
how  provisions  are  made  for  their  expansion  and  contraction. 

(1208)  How  are  boilers  generally  braced  ? 

(1209)  Do  the  flues  and  tubes  used  in  boilers  diminish 
their  strength  ?     Give  reasons. 

(1210)  What  is  about  the  level  at  which  the  water  should 
stand  in  a  horizontal  cylindrical  boiler  ? 

(121i)  What  are  water-cocks  ?  Why  should  they  be 
mounted  upon  every  boiler  .•• 

(1212)  (a)  What  is  air  ?  {6)  Does  the  nitrogen  of  the 
air  tend  to  increase  or  diminish  the  temperature  of  com- 
bustion in  a  furnace  ?     Why  ? 

(1213)  Can  the  combustion  of  fuels  take  place  without 
the  presence  of  oxygen  ? 

(1214)  When  hydrogen  is  burned,  what  does  it  form  with 
the  oxygen  of  the  air  ? 

(1215)  How  much  heat  is  generated  by  the  combustion 
of  the  carbonic  oxide  gas,  formed  from  one  pound  of  carbon, 
to  carbonic  acid  gas  ? 

(1216)  What  is  the  total  amount  of  heat  required  to  con- 
vert a  pound  of  water  at  32°  F.  into  steam  at  400°  F. ;  or,  in 
other  words,  what  is  the  total  heat  of  evaporation  of  one 
pound  of  saturated  steam  of  400°  F.?    Ans.  1,203.4  B.  T.  U. 

(1217)  What  is  the  total  amount  of  heat  required  to  con- 
vert a  pound  of  water  at  32°  F.  into  steam  at  a  gauge-pres- 
sure of  175  pounds  per  square  inch;  or,  in  other  words,  what 
is  the  total  heat  of  evaporation  of  one  pound  of  saturated 
steam  at  an  absolute  pressure  of  189.7  pounds  per  square 
inch  ? 

Note. — Find  temperature  first  by  formula  1 38. 

Ans.  1,198.6  B.  T.  U. 
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(1218)  If  we  have  5  cubic  feet  of  saturated  steam  in  a 
cylinder  at  60  pounds  pressure  above  a  vacuum,  what  will 
be  its  pressure  after  it  has  expanded  to  2.5  times  its  original 
volume,  assuming  the  expansion  to  follow  Mariotte's  law  ? 

Ans.  9.3  pounds  per  square  inch  above  the  atmospheric 
pressure. 

(1219)  If  11  pounds  of  coal  are  burned  per  square  foot  of 
grate  surface  per  hour  in  a  furnace  having  a  grate  area  of 
13  square  feet,  how  many  B.  T.  U.  will  be  generated  in  5 
hours,  if  the  combustion  of  the  coal  is  complete  ? 

Ans.  10,105,095  B.  T.  U. 

(1220)  How  much  air  would  have  to  be  supplied  to  pro- 
mote the  complete  combustion  of  the  coal  in  Question  1219, 
if  the  furnace  is  operated  under  a  blast  draft  ? 

Ans.  10,010  lb. 

(1221)  What  is  the  equivalent  of  the  heat  of  combustion 
of  the  fuel  in  Question  1219,  expressed  in  pounds  of  water 
evaporated  from  62°  F.  and  at  212°  F.  ? 

Ans.  9,059.05  lb.  of  water. 

(1222)  The  pressure  in  a  boiler  is  3,600  pounds  per 
square  foot  above  a  vacuum;  what  is  the  pressure  in  the 
boiler  measured  in  pounds  per  square  inch  above  the  atmos- 
pheric pressure  ?  Ans.  10.3  lb.  per  sq.  in. 

(1223)  Does  saturated  steam  contain  the  same  amount 
of  heat  per  unit  of  weight  at  all  pressures  ? 

(1224)  If  a  vertical  boiler  were  generating  steam  at  a 
gauge-pressure  of  152  pounds  per  square  inch,  what  would 
be  the  temperature  of  the  water  in  the  boiler  ? 

Ans.  371.62°  F. 

(1225)  On  placing  a  thermometer  in  a  jet  of  steam  issuing 
from  a  blow-off  pipe,  we  find  its  temperature  to  be  232°  F. ; 
what  is  the  pressure  behind  the  steam  ? 

Ans.  5.57  lb.  per  sq.  in.  gauge-pressure. 

(1226)  If  a  coal-mine  having  a  shaft  200  feet  deep  has  an 
output  of  132  tons  of  coal  per  hour,  how  many  of  the  British 
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Thermal  Units  of  heat  supplied  to  the  hoisting-engines  with 
the  steam  are  consumed  in  raising  this  coal  from  the  bottom 
of  the  shaft  ?  Ans.  100,442.15  B.  T.  U.  per  hour. 

(1227)  By  the  combustion  of  fuel  in  the  furnace  of  a 
boiler,  the  steam  generated  during  a  run  of  two  hours 
absorbed  277,160  British  Thermal  Units  of  heat;  if  none  of 
the  heat  had  been  lost  in  its  transformation  into  work 
through  the  medium  of  the  hoisting-engine  to  which  it  was 
supplied,  how  many  foot-pounds  of  work  per  hour  would  the 
engine  have  done  ?  Ans.  107,815,240  ft. -lb.  per  hr. 

(1228)  A  water-tube  boiler  is  built  up  of  a  series  of  4-inch 
lap-welded  tubes,  which  are  expanded  into  cast-iron  headers 
through  accurately  cut  holes.  The  steam  and  water  drums 
are  24  and  20  inches  in  diameter  respectively,"  and  are  made 
of  single-riveted  steel  boiler-plate  y'^  of  an  inch  thick.  The 
mud-drum  is  made  of  cast  iron,  and  is  only  10  inches  in 
diameter.  What  is  the  greatest  safe  boiler-pressure  under 
which  the  boiler  can  be  operated  ? 

Ans.  216.25  pounds  per  square  inch  above  atmospheric 
pressure. 

(1229)  A  horizontal  return  tubular  boiler  has  a  water- 
heating  surface  of  1,620  square  feet;  what  is  the  approxi- 
mate horsepower  of  the  boiler  ?  Ans.  101^  H.P. 

(1230)  A  water-tube  boiler  has  a  total  water-heating  area 
of  3,025  square  feet;  what  is  the  probable  horsepower  of 
the  boiler  ?  Ans.  275  H.  P. 

(1231)  The  sum  of  the  cross-sectional  areas  of  all  the 
tubes  of  a  348-horsepower  fire-box  tubular  boiler  amounts 
to  12  square  feet ;  what  should  be  the  height  of  a  chimney 
for  this  boiler  to  produce  the  necessary  amount  of  draft  ? 

Ans.  Ill  ft. 

(1232)  Describe  two  methods  of  drying  steam  before  it 
finally  leaves  the  boiler. 

(1233)  What  is  the  difference  between  a  chimney  and  a 
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forced  or  blast  draft  ?     What  advantage  has  the  latter  over 
the  former  ? 

(1234)  What  means  are  usually  supplied  to  facilitate  the 
cleaning  of  boilers  ? 

(1235)  Why  are  steam-gauges  a  necessary  part  of  every 
boiler  ? 

(1236)  Why  should  the  water  in  a  boiler  be  prevented 
from  getting  low  while  the  furnace  is  in  full  operation  ? 

(1237)  Why  are  internally  fired  boilers  usually  bricked 
in? 

(1238)  How  is  the  masonry  work  about  a  boiler  usually 
strengthened  ? 

(1239)  Where  should  firebrick  be  used  when  setting  a 
boiler  ? 

(1240)  Describe  three  different  kinds  of  grates  with  which 
you  are  familiar. 

(1241)  What  is  a  steam-pipe  ?  a  feed-water  pipe  ?  a 
blow-off  pipe  ? 

(1242)  What  are  safety-valves  ?  Describe  the  principle 
upon  which  they  are  operated. 

(1243)  How  far  must  a  54-pound  weight  be  placed  from 
the  fulcrum  of  a  safety-valve  that  has  an  area  of  6  square 
inches  and  is  2  inches  from  its  fulcrum,  if  the  valve  is  to 
blow  off  at  81  pounds  per  square  inch  ?  Ans.  18  in. 

(1244)  The  shell  of  a  plain  cylindrical  boiler  is  30  inches 
in  diameter  and  20  feet  long,  and  is  made  of  single-riveted 
wrought-iron  boiler-plate  f  of  an  inch  thick;  what  is  the 
greatest  boiler-pressure  under  which  it  can  be  safely 
operated  ?  Ans.  127.8  lb.  per  sq.  in. 

(1245)  (a)  What  is  meant  by  the  horsepower  of  a  boiler  ? 
{b)  What  is  the  standard  horsepower  ? 

(1246)  (a)  What  is  meant  by  the  term  heating-surface  f 
{V)  What  portions  of  an  ordinary  vertical  boiler  are  heating- 
surface  ? 
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(1247)  If  you  were  placed  in  charge  of  a  flue-boiler  45 
inches  in  diameter,  made  of  y'^-inch  double-riveted  iron 
plates,  would  you  consider  it  safe  to  carry  110  pounds 
pressure  ? 

(1248)  A  vertical  boiler  is  rated  at  35  horsepower,  (a) 
What  is  the  probable  grate-surface  ?  (6)  What  is  its  prob- 
able heating-surface  ?  {c)  Under  ordinary  conditions,  how 
much  water  per  hour  would  this  boiler  evaporate,  taking 
the  temperature  of  the  feed  at  100°  and  the  steam-pressure 
at  70  pounds  ? 
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STEAM-ENGINES. 


EXAMINATION   QUESTIONS. 

(1249)  Name  the  stationary  parts  of  a  plain  slide-valve 
engine. 

(1350)  In  an  indicator-diagram,  what  is  represented  by 
the  expansion-curve  of  steam  ? 

(1251)  Between  what  points  does  the  plain  slide-valve 
pass  the  central  position  of  its  travel  ? 

(1252)  What  is  the  usual  range  of  cut-off  of  the  plain 
slide-valve  ? 

(1253)  In  Figs.  807,  808,  809,  and  810  are  given  two  sets 
of  indicator-diagrams  taken  from  the  same  engine  when 
running  under  full  load  and  no  load,  respectively.  Deter- 
mine from  each  diagram  -the  steam-pressure  in  the  cylinder 
of  the  engine  at  the  point  of  cut-off.  Also  the  pressure  at 
the  point  of  release  and  at  the  point  of  compression. 
What  is  the  back-pressure  in  each  case  ? 

(1254)  What  was  the  M.  E.  P.  in  the  cylinder  of  the 
engine  at  the  time  the  diagrams  shown  iti  Figs.  807  and  808 
were  taken  ?  Ans.   43.29  pounds  per  sq.  in. 

(1255)  What  was  the  M.  E.  P.  in  the  cylinder  of  the 
engine  at  the  time  the  diagrams  shown  in  Figs.  809  and 
810  were  taken  ?  Ans.   14. 9G  pounds  per  sq.  in. 

(125G)  The  diagrams  Figs.  807  and  808  were  taken  from 
an  engine  with  a  cylinder  15  inches  in  diameter,  with 
24-inch  stroke,  and  making  87. i^  rev.  per  minute.  Using  the 
M.  E.  P.  found  in  Question  1254,  find  the  indicated  horse- 
power of  the  engine.  Ans.   I.  H.  P.  =  81.14. 

(1257)  When  working  under  no  load,  the  engine  of  Ques- 
tion 125G  gives  the  diagrams  shown  in  Figs.  809  and  810. 
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Sitmie  of  Spring  4S  lb. 


Fig.  807. 


Beau  of  Spring  43  lb. 


Fig.  806. 


Soalo  of  Spring  4S  lb* 


FiP.  WO. 
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The  M.  E.  P.  is  14.96  lb.     What  is  the  indicated  horsepower 
in  this  case  ?  Ans.   I.  H.  P.  =  28.04. 

(1258)  What  is  the  actual  horsepower  and  efficiency  of 
the  engine  mentioned  in  Questions  1253  to  1257  ? 

A        (  Actual  horsepower  =  53.1. 
(  Efficiency  =  65.4  per  cent. 

(1259)  What  are  the  forces  which,  acting  on  the  fly-balls 
of  a  pendulum-governor,  cause  them  to  move  up  and  down 
as  the  speed  of  the  engine  varies  ? 

(1260)  What  is  a  triple-expansion  engine  ? 

(1261)  Name  the  parts  of  a  plain  slide-valve  engine  to 
which  motion  is  imparted  when  the  engine  is  running. 

(1262)  Why  are  engines  supplied  with  fly-wheels  ? 

(1263)  At  the  />otni  of  release  of  steam  from  the  crank 
end  of  the  cylinder,  what  is  occurring  in  the  head  end  of 
the  cylinder  ? 

(1264)  What  is  the  steam-lap  of  a  plain  slide-valve,  and 
why  is  it  given  to  the  valve  ? 

(1265)  Determine  from  the  indicator-diagrams,  Figs.  807, 
808,  and  809,  810,  at  what  point  in  the  stroke  cut-oflf  occurs. 

(1266)  Determine  approximately  the  dimensions  of  a 
single-cylinder  non-condensing  engine  to  furnish  65  actual 
horsepower. 

(1267)  What  is  the  difference  between  a  duplex  and  a 
compound  engine  ? 

(1268)  What  is  a  vertical  or  upright  engine  ? 

(1269)  What  is  the  stroke  of  an  engine,  and  to  what  is  it 
equal  ? 

(1270)  What  is  an  eccentric,  to  what  is  it  equivalent, 
and  what  duty  does*  it  perform  ? 

(1271)  What  is  meant  by  the  period  of  compression,  and 
when  does  it  occur  ? 

(1272)  What  is  the  effect  of  giving  inside  or  exhaust 
lap  to  a  plain  slide-valve  ? 
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(1273)  What  is  the  advantage  of  the  Corliss  valve-gear 
over  the  plain  slide-valve  ? 

(1274)  Find  the  I.  H.  P.  of  an  18-in.  x  24.in.  engine 
whose  mean  eflEective  pressure  is  62.4  pounds  p>er  square 
inch,  and  which  makes  175  revolutions  per  minute. 

Ans.  336.825  I.  H.  P. 

(1275)  When  an  engine  has  two  cranks,  why  are  they 
placed  at  right  angles  to  each  other  on  the  shaft  ? 

(1276)  What  initial  steam-pressure  is  generally  used  in 
compound  and  triple-expansion  engines,  and  how  many 
expansions  of  the  steam  are  usually  effected  in  each  type  ? 

(1277)  What  is  meant  by  the  bore  of  a  cylinder  ? 

(1278)  When  is  steam  called  livesteain^  and  in  what  form 
is  energy  stored  in  the  live  steam  ? 

(1279)  How  is  the  resistance  offered  by  the  steam  in  the 
cylinder  during  the  period  of  compression  overcome  ? 

(1280)  (ci)  What  are  the  ** dead-center"  positions  of  the 
crank  and  piston  ?  (/5)  How  many  times  is  the  crank  on  a 
dead-center  during  one  revolution  of  the  fly-wheel  ? 

(1281)  What  is  a  steam-engine  indicator,  and  how  is  it 
attached  to  the  cylinder  of  a  steam-engine  ? 

(1282)  Why  do  duplex,  cross-compound,  and  triple- 
expansion  engines  usually  run  more  smoothly  than  single- 
cylinder  or  tandem-compound  engines  ? 

(1283)  What  is  the  counter  bore  of  a  cylinder,  and  why  is 
counterbore  given  to  a  cylinder  ? 

(1284)  What  is  meant  by  back-pressure  ? 

(1285)  What  is  meant  by  the  period  of  release,  and  what 
point  marks  its  end  ? 

(1286)  In  what  direction  should  the  fly-wheel  be  rotated 
when  determining  the  dead-center  positions  of  the  crank? 

(1287)  How  many  springs  are  there  in  an  indicator,  and 
what  is  the  use  of  each  ? 

(1288)  If  a  condenser  capable  of  producing  a  \  vacuum 
had  been  used  in  connection  with  the  engine  from  which 
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the  cards  shown  in  Figs.  807,  808  and  809,  810  were  taken, 
what  would  have  been  the  effect  upon  the  back-pressure 
line  of  the  cards  ? 

(1289)  How  are  hoisting  and  tail-rope  haulage-engines 
governed  ? 

(1290)  What  is  meant  by  clearance  of  a  steam-cylinder  ? 

(1291)  How  is  motion  imparted  to  the  slide-valve  ? 

(1292)  During  the  period  of  expansion  in  the  crank  end 
of  the  cylinder,  what  occurs  in  the  head  end  of  the  cylinder  ? 

(1293)  What  does  the  compression-curve  show  ? 

(1294)  In  what  direction  should  the  fly-wheel  be  rotated 
when  setting  a  plain  slide-valve  ? 

(1295)  What  is  meant  by  a  Jfi-pound^  a  W-pound^  or  a 
IS'pound  indicator-spring? 

(1296)  What  is  the  scale  of  an  indicator-spring  ? 

(1297)  What  is  the  advantage  of  using  the  condensed 
steam  from  a  condenser,  as  boiler  feed-water  ? 

(1298)  What  outlet  is  provided  in  steam-cylinders  for  the 
discharge  of  water  that  may  accumulate  as  the  result  of 
the  condensation  of  steam  ? 

(1299)  What  is  the  angle  between  the  crank  and  eccen- 
tric ? 

(1300)  If  a  valve  has  a  slight  lead,  does  the  point  of 
admission  occur  at  the  beginning  or  end  of  the  stroke  ? 

(1301)  What  conditions  must  be  fulfilled  in  setting  a 
plain  slide-valve  ? 

(1302)  Why  is  it  necessary  to  employ  a  reducing  motion 
in  connection  with  an  indicator  ? 

(1303)  If  a  non-condensing  engine  is  working  under  a 
boiler-pressure  of  75  pounds  per  square  inch,  what  is  the 
approximate  M.  E.  P.  if  the  engine  cuts  off  at  -^^  stroke  ? 
at  -J-  stroke  ? 

Ans.  41.86  and  53.16  lb.  per  sq.  in.,  respectively, 

(1304)  What  is  the  principle  that  insures  the  action  of 
steam-engine  governors  ? 
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(1305)  What  is  the  difference  between  first  and  second 
motion  hoisting-engines  ? 

(1306)  Why  is  a  piston  supplied  with  split  rings  ? 

(1307)  What  is  meant  by  th^  point  of  cut-off  f 

(1308)  If  a  valve  has  no  lead,  is  the  steam-port  opened  or 
closed  when  the  crank  is  on  its  dead-center  ? 

(1309)  What  is  meant  by  a  valve  having  lead? 

(1310)  An  engine  has  a  piston  speed  of  350  feet  per 
minute,  and  makes  175  revolutions  per  minute;  what  is  the 
length  of  the  stroke  ?  Ans.   12  inches. 

(1311)  Explain  the  relative  duties  of  a  governor  and  fly- 
wheel in  effecting  the  regulation  of  the  speed  of  the  engine. 

(1312)  Explain  the  action  of  the  compound  and  of  the 
triple-expansion  engine. 

(1313)  What  are  stuffing-boxes,  and  why  are  they  a 
necessary  part  of  every  engine  ? 

(1314)  What  is  meant  by  the  atmospheric  line? 

(1315)  How  do  you  determine  the  length  of  the  stroke 
and  point  of  cut-off  of  an  engine  ? 

(1316)  It  is  desired  to  take  an  indicator-diagram  3  inches 
in  length  from  an  engine  of  which  the  length  of  the  stroke 
is  12  inches  and  the  effective  length  of  the  reducing-lever 
is  96  inches;  what  is  the  distance  of  the  point  on  the 
lever  below  the  center  of  the  fulcrum  at  which  the  cord  is 
to  be  attached  ?  Ans.   24  inches. 

(1317)  An  engine  has  a  stroke  of  48  inches,  and  makes  60 
revolutions  per  minute ;  what  is  the  piston  speed  ? 

Ans.   400  feet  per  minute. 

(1318)  What  takes  the  place  of  the  fly-wheel  in  hoisting 
and  haulage  engines,  which  have  no  fly-wheels  ? 

(1319)  What  is  the  difference  between  a  tandem  and  a 
cross-compound  engine  ?  What  are  the  advantages  of  the 
tandem  type  ?     of  the  cross-compound  type  ? 

(1320)  What  is  the  period  of  expansion^  and  what  points 
mark  its  beginning  and  end  ? 
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(1321)  Between  what  points  are  the  steam-ports  fully 
open  by  the  valve  to  the  admission  of  live  steam  into  the 
cylinder  ? 

(1322)  Find  the  I.  H.  P.  developed  by  a  22-in.  X  18-in. 
engine  making  200  revolutions  per  minute.  The  M.  E.  P. 
is  43.4  lb.  per  sq.  in.  Ans.  300  I.  H.  P. 

(1323)  What  is  meant  by  the  term  mean  effective 
pressure  ? 

(1324)  An  engine  has  a  piston  speed  of  750  feet  per  minute 
and  a  stroke  of  60  inches;  how  many  revolutions  does  the 
crank  make  per  minute  ?  Ans.  75. 

(1325)  What  is  the  difference  between  an  automatic  and 
a  throttling  governor  ? 

(1326)  What  are  the  advantages  to  be  gained  by  com- 
pounding ?  • 


ELEMENTARY  CHEMISTRY. 


EXAMINATION    QUESTIONS. 

Note. — In  calculating  the  percentage,  formulas,  etc.,  of  the  follow- 
ing  examples,  use  the  atomic  weights  given  in  parenthesis  under  the 
name  of  each  element  in  the  Instruction  Paper. 

(1)  What  is  vapor  density,  and  which  gas  serves  as  a 
standard  to  determine  molecular  weights  ? 

(2)  (a)  Define  a  binary  molecule.  (6)  State  what  you 
know  about  naming  binary  molecules,  (c)  State  how 
binary  molecules  are  formed. 

(3)  What  is  the  percentage  composition  of  zinc  ortho- 
silicate  Zn^SiO^  ?  ( Zinc,        58. 56^. 

Ans.  ]  Silicon,    12.61^. 
(Oxygen,  28.83^. 

100.00^. 

(4)  Mention  some  substances  which  contain  hydrogen. 

(5)  Chlorine  is  obtained  by  the  action  of  hydrogen  chlo- 
ride upon  manganese  dioxide,  according  to  the  equation 

{HCl),+     MnO^    =    MnC/,    +  2H^0  +     CI, 
la^  -^  To^xISr  =  ThSr  -^  -^er   4.  cMorme 

Commercial  manganese  dioxide,  however,  is  seldom  pure; 
30  grams  of  a  certain  sample,  when  heated  with  //C/^  pro- 
duce only  12.04  grams  of  chlorine;  what  per  cent,  of  MnO^ 
does  the  sample  contain  ?  Ans.  49.18^  ATnO^. 

(6)  State  the  properties  of  bromine. 

(7)  Describe  {a)  the  properties  and  {b)  the  cpmposition 
of  **aqua  regia." 

(8)  {a)  How  is  methane  produced  in  nature  ?  (b)  Is 
methane  a  permanent  gas  ? 

§33 
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(9)  (a)  Mention  the  chief  four  iron  ores.  {d)  Give 
their  formulas,  {c)  State  the  percentage  of  iron  each  ore 
theoretically  contains. 

(10)  {a)  What  is  the  vapor  density  of  mercury  ? 
(b)  State  the  properties  of  mercury  chloride,  (c)  Give  the 
formula  of  mercuric  chloride,  {d)  State  why  the  white  of 
eggs  is  an  effective  antidote  in  cases  of  mercury  poisoning. 

(11)  Mention  those  elemental  molecules  which  have  two 
atomicities. 

(12)  Define  chemistry. 

(13)  Supposing  bivalent  oxygen  and  quinquivalent  bis- 
muth combine,  how  many  bonds  has  each  element  to 
furnish  ? 

(14)  Sodium  carbonate  is  composed  of  43. 39j^  of  sodium, 
11.32^  of  carbon,  and  45.29^  of  oxygen.  What  is  its 
formula  ? 

(15)  {a)  State  if  hydrogen  is  combustible.  {6)  If  so,  at 
what  temperature  does  it  burn  ?  (c)  How  could  you  deter- 
mine whether  a  glass  jar  was  filled  with  hydrogen  or  with 
oxygen  ? 

(16)  {a)  What  does  **allotropy"  mean?  {b)  Give 
examples. 

(17)  {a)  State  the  properties  of  iodine.  {d)  Give  its 
symbol  and  atomic  weight,  (r)  How  may  free  iodine  be 
recognized  ? 

(18)  (a)  What  is  the  chemical  name  and  formula  of 
laughing  gas  ?  {d)  Show  by  means  of  an  equation  the 
reactions  which  take  place  when  laughing  gas  and  carbon 
burn  together. 

(19)  Describe  the  formation  of  carbonyl. 

(20)  Mention  (a)  some  of  the  most  important  properties 
of  iron ;  (/;)  some  iron  compounds  and  their  formulas. 

(21)  What  weight  of  mercury  and  corrosive  sublimate 
will  be  required  in  order  to  obtain  3  kilograms  of  calomel  ? 

Ans.  -1  ^•'^^  kilograms //^a.. 
(1.27  kilograms  /^. 
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(22)  Define  (a)  a  mass;  (d)  a  molecule. 

(23)  How  do  chemists  ascertain  whether  a  molecule  is 
an  elemental  or  a  compound  one  ? 

(24)  Define  (a)  an  atom ;  (d)  atomic  weight. 

(25)  Give  the  names  of  NaCl^  SrO^  SnO,  and  SnO^. 

(2G)  Oxygen  is  produced  by  the  action  of  chlorine  upon 
calcium  oxide,  according  to  the  equation 

2CaO  +  2C/,  =  "ZCaC/,  +  O^ 

How    much    calcium    oxide  would  you  require   to   evolve 
39  grams  of  oxygen  ?  Ans.   136.5  grams  of  CaO. 

(27)  Define  combustion. 

(28)  The  formula  of  ozone  is  O^.  How  can  you  prove 
that  1  molecule  of  it,  occupying  2  volumes,  contains  3  vol- 
umes of  oxygen  ? 

(29)  State  the  formula,  molecular  weight,  and  proper- 
ties of  hydrofluoric  acid. 

(30)  Describe  the  diflEerent  varieties  of  phosphorus. 

(31)  What  compound  does  C^HjCl^  represent  ? 

(32)  What  percentage  of  nickel  does  niccolite  contain  ? 

(33)  {a)  What  compound  does  AgCl  represent  ? 
{J})  State  its  most  remarkable  property. 

(34)  (a)  Where  does  tin  ore  mostly  occur  ?  (^)  What 
weight  of  **  tin  salts  "  will  250  kilograms  of  tin  yield  ? 

Ans.  476.7  kilograms. 

(35)  Define  specific  gravity,  and  name  the  substances 
selected  as  the  standards  for  gaseous  and  liquid  bodies. 

(30)     State  Avagadro's  law  and  the  deductions  from  it. 

(37)  {a)  Define  valence,  and  (b)  state  how  atoms  are 
classified  by  the  law  of  valence. 

(38)  {ii)  Define  ** compound  radical,"  and  (^)  state  how 
these  compounds  are  named. 

(39)  Tin  oxide  has  a  molecular  weight  of  150,  and  con- 
tains 78.67^  of  tin  or  1  atom  of  it;  what  is  the  atomic 
weight  of  tin  ?  Ans.   118. 
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(40)  Give  the  symbol,  atomic  weight,  density,  and 
valence  of  oxygen. 

(41)  State  the  properties  of  ozone. 

(42)  Name  the  oxides  and  acids  of  bromine  and  iodine. 

(43)  (a)  Describe  Marsh's  test,  {d)  What  is  the  limit 
of  its  delicacy  ? 

(44)  Under  what  typical  form  may  the  metal  oxides  be 
classed  ? 

(45)  State  the  chief  compounds  of  cobalt. 

(46)  {a)  Is  gold  soluble  in  sulphuric  acid  ?  {6)  Give  the 
formulas  of  the  chief  compounds  of  gold  and  also  their 
names. 

(47)  How  is  the  composition  of  molecules  ascertained  ? 

(48)  What  is  a  perisad  ?  an  artiad  ?  a  pentad  ? 

(49)  How  may  the  variation  in  atomic  valence  be 
explained  ? 

(50)  Zinc  sulphide  contains  G7^  of  zinc  or  1  atom  of  it, 
the  atomic  weight  of  zinc  being  05.  What  is  the  molecular 
weight  of  zinc  sulphide  ?        Ans.  ZnS  molecular  weight  97. 

(51)  Calculate  the  percentage  amount  of  oxygen  in 
{a)  CuO,  (b)  MnO^.  j  CuO  contains  20.13^  O, 

^^'  \  M7iO^  contains  30.78^  O. 

(52)  In  what  compound  does  CI  most  abundantly  occur 
in  nature  ? 

(53)  (a)  How  does  sulphur  occur  in  nature  ?  (b)  Why  is 
sulphur  called  a  dimorphous  element  ?  (r)  Prove  the  allo- 
tropism  of  sulphur. 

(54)  How  may  stibine  be  distinguished  from  arsine  ? 

(55)  Potassium  nitrate  is  prepared  by  the  action  of 
sodium  nitrate  upon  potassium  carbonate,  according  to  the 
equation 

2iV^iVC>,+   K^CO,   =  2KN0^  j^Na^CO^ 

sodium  potassium  _  potassium         sodium 

nitrate      "*"  carbonate  "~     nitrate     "^  carbonate 

By  decomposing  1,000  grams  of  NaNO^  by  K^CO^^  wh«^t 
weight  of  KNO^  will  be  obtained  ? 
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(56)  (a)  Find  the  formula  of  a  salt  that  has  a  molecular 
weight  of  316  and  the  following  percentage  composition: 

Potassium,  24.68^, 
Manganese,  34.82^, 
Oxygen,        40. 50^. 

(d)     Give  the  name  of  the  salt. 

(57)  (a)  With  what  other  elements  is  platinum  mostly 
associated  in  nature  ?  {b)  What  remarkable  property  does 
finely  divided  platinum  possess  ?  {c)  Why  is  platinum  so 
extensively  used  for  chemical  vessels,  both  in  the  arts  and 
in  the  laboratory  ? 

(58)  What  is  the  distinction  between  compound  and  ele- 
mentary matter  ? 

(59)  What  is  {a)  sl  formula  ?  {b)  a  symbol  ? 

(60)  State  the  characteristic  properties  of  (a)  an  acid; 
(b)  a  base. 

(61)  Potassium  iodide  is  prepared  by  the  direct  action  of 
iodine  upon  potassium  hydrate,  according  to  the  equation 

3/^   +   QKOH  =      5K/     4-    KIO,    +  ZHfi 

.    ,.  potassium       potassium       potassium 

iodine -h  *  hydrate    =      iodide     +      iodate     +  water 

How  much  (a)  iodine  and  (U)   potassium  hydrate  do  you 
require  to  prepare  210  grams  of  potassium  iodide  ? 

.        j  (a)  192.8  grams  of  iodine. 

*  ( (^)     85.01  grams  of  potassium  hydrate. 

(62)  Describe  the  properties  of  oxygen. 

(63)  State  the  formula,  molecular  weight,  and  properties 
of  hydrogen  peroxide. 

(64)  Name  and  give  the  formulas  of  the  acids  and  oxides 
of  sulphur. 

{foh^  Give  the  formulas  of  the  common  antimony  com- 
pounds. 

(^^^)     How  much    soda  will    721    kilograms  of    sodium 
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sulphate  yield  if  the  following  equation  be  made  the  basis 
of  the  soda  process: 

8iVtf,5(94  4- 4CflC0a  4-    18C   =SNa^COz+  9CaS  +    CaO    +     UCO 

sodium     I     calcium    ,    carbon—     sodium      ,    calcium  i    calcium  ,      carbon 
sulphate    'carbonate  "^  carbonate   'sulphide  '     oxide    "*~  monoxide 

Ans.  538.2  kilograms  of  soda. 

(67)  Give  the  names  and  formulas  of  the  principal 
compounds  of  zinc. 

(68)  How  many  different  kinds  of  atoms  are  known  ? 

(69)  Give  the  symbols  of  iron,  tin,  sodium,  and  aluminum. 

(70)  Name  and  give  the  formula  of  the  salt  produced  by 

mixing  together  sulphuric  acid  and  caustic  soda  (sodium 

hydrate). 

2NaOH+  H^SO^  =     ? 

sodium     ,    sulphuric      „:^ij  -% 
hydrate    +      acid  y^^^^  ^ 

(71)  Write  the  following  equation  by  volume: 

(72)  Is  a  burning  taper  extinguished  if  plunged  in  a  jar 
filled  with  oxygen  ? 

(73)  What  are  the  principal  properties  of  chlorine  ? 

(74)  Define  the  expression  ** reducing  agent." 

(75)  {a)  State  how  silicon  may  be  obtained ;  (b)  show  by 
means  of  an  equation  the  reactions  which  take  place ;  and 
{c)  state  the  properties  of  the  silicon  obtained. 

(76)  (a)  Name  the  most  important  calcium  compounds. 
{b)  State  occurrence  and  properties  of  **lime." 

(77)  Name  the  principal  workable  copper  ores  and  their 
formulas. 

(78)  Prove  that  a  hydrogen  molecule  contains  2  atoms. 

(79)  What  do  (T//^).,  P/,  and  5."  represent  ? 

(80)  Explain  why  an  acid  colors  a  litmus  solution  red, 
and  why  a  base  restores  the  original  blue  color  of  it. 

(81)  {a)  How  many  elements  are  known  at  present  ? 
(b)  How  are  the  elements  classified  ?  (c)  State  the  number 
of  elements  belonging  to  each  class. 
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(82)  State  the  percentage  composition  of  water. 

1 11.11)^  Of  ^. 

(88.88;^  of  O. 

(83)  State  the  formula,  molecular  weight,  density,  and 
properties  of  muriatic  acid. 

(84)  State  what  you  know  about  the  **  halogens,"  and 
how  the  name  is  derived. 

(85)  Give  the  formula  of  **  water  glass,"  and  an  equation 
representing  its  production. 

(86)  State  {a)  how  magnesium  is  obtained  on  a  large 
scale ;  (b)  the  properties  of  magnesium. 

(87)  {a)  Mention  some  minerals  in  which  lead  occurs. 
{J})  State  why  the  use  of  lead  water-pipes  is  objectionable. 

(88)  What  does  a  symbol  signify  ? 

(89)  Why  does  combination  occur  in  multiple  propor- 
tions ? 

(90)  Define  (a)  specific  heat  and  {b)  atomic  heat. 
{c)  Explain  how  the  specific  and  atomic  heat  of  an  element 
may  be  used  to  ascertain  its  atomic  weight. 

(91)  {a)  By  what  properties  may  a  metal  be  distinguished 
from  a  metalloid  ?  {b)  Arrange  the  following  elements 
under  the  above  heads: 

a,  AT,  P,  5,  N,  Na,  As,  H,  Fe. 

(92)  (cl)  State  the  most  characteristic  physical  and  chem- 
ical properties  of  water,  and  {b)  describe  how  the  percentage 
composition  of  water  may  be  ascertained  by  analysis. 

(93)  Name  the  principal  oxides  and  acids  of  chlorine,  and 
give  their  formulas. 

(94)  {a)  Give  the  formula,  molecular  weight,  and  density 
of  ammonia ;  (b)  state  its  properties. 

(95)  State  (a)  the  different  forms  in  which  carbon  occurs 
native,  and  (b)  how  their  chemical  identity  may  be  proved. 

(96)  Name  the  principal  compounds  in  which  aluminum 
is  found  in  nature. 

(97)  (cl)  Give  the  chemical  name  and  the  formula  of  **  l?lue 

A^.  A/.    lL—3.\ 
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vitriol ";  {6)  state  how  it  may  be  prepared;  and  {c)  mention 
its  properties. 

(98)  (a)  What  does  a  chemical  equation  express  ? 
(b)  Express  by  weight  the  following  equation : 

C,N,      +     CI,    =       C,H,a      +  HCl 

ethyl  hydride  +  chlorine  =  ethyl  chloride  +  hydrogen  chloride 

(99)  Hydrogen  may  be  prepared  by  the  action  of  sul- 
phuric  acid  upon  zinc,  according  to  the  equation 

H^SO,  +  Zn  =  ZnSO^  +  i/. 

One  liter  of  hydrogen  weighs  0.0890  gram.  How  much  sul- 
phuric acid  would  you  need  to  prepare  10  liters  of  hydrogen  ? 

Ans.  43. 9  grams  of  HJSO^. 

(100)  How  many  grams  of  oxygen  and  hydrogen  are 
required  in  order  to  prepare  500  grams  of  water  ?  How 
many  liters  will  the  hydrogen  measure  if  each  gram  of  it 
measures  11.2  liters?  How  many  liters  will  the  oxygen 
measure,  its  density  being  16  times  as  great  as  that  of 
hydrogen  ?  A        -I  ^^^-^^  grams  or  311.11  liters  of  O. 

"^'  (    55.56  grams  or  622.27  liters  of //: 

Note. — The  volume  of  oxygen  is  here  calculated  from  the  data 
given  in  the  question,  but  the  simpler  and  more  natural  method  is  to 
determine  it  direct  from  that  or  hydrogen.  A  molecular  equation 
shows  that  2  volumes  of  H  unite  with  1  of  O  to  form  water ;  conse- 
quently the  volume  of  oxygen  must  be  half  that  of  hydrogen,  viz., 

-^^ —  =  311.135.     The  slight  discrepancy  between  the  two  results  is 

due  to  the  decimals  being  carried  only  to  the  second  place.  Having 
determined  the  actual  volume  of  any  one  gas  taking  part  in  any 
chemical  change,  the  relative  volume  of  any  others  should  always  be 
deduced  from  the  molecular  equation. 

(101)  Give  the  molecular  weight,  formula,  and  properties 
of  sulphuric  acid. 

(102)  Name  the  oxides  and  acids  of  nitrogen. 

(103)  {a)  State  the  properties  of  carbon  dioxide.  (^)  Car- 
bon dioxide  contains  27.27^  of  carbon  and  72.72^  of  oxygen; 
what  is  its  formula  ?  {c)  How  may  the  presence  of  this 
gas  be  detected  ? 


CHEMISTRY  AND  CHEMICAL 

OPERATIONS. 


EXAMINATION  QUESTIONS. 

(1)  What  do  you  understand  by  fluid  ounce  ? 

(2)  Change  43.2877  pounds  into  Kg. 

(3)  What  volume  would  420  c.  c.  of  hydrogen  under  a 
pressure  of  739  millimeters  occupy  should  the  pressure  be 
changed  to  760  millimeters  ?  Ans.  408  c.  c. 

(4)  {a)  What  are  the  properties  common  to  acids  ? 
(d)  What  is  the  difference  between  sulphuric  and  sulphur- 
ous acid  ? 

(5)  What  is  an  oxidizing  agent  ? 

(6)  The  formula  for  potassium  hydrate  is  KOH,  What 
quantity  of  normal  potassium  hydrate  should  each  cubic 
centimeter  contain  ?  Ans.   .0561. 

(7)  Alumina  is  composed  of 

Aluminum  =    53.4  per  cent. 
Oxygen       =    46.6  per  cent. 

100.0  per  cent. 

Its  molecular  weight  is  103.     What  is  its  formula  ? 

(8)  What  is  the  percentage  composition  of  borax  NaJ^fi^l 

Ans.  22.77j^  Na\  21.78^  Br\  55 A6^  O. 
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(9)  Pyrite  has  a  composition  of  FeS^y  pyrrhotite  a  com- 
position of  Fi^S^;  what  proportion  of  sulphur  is  there  in 
each  ? 

(10)  Aurous  chloride  AuCi^  is  precipitated  by  H^S\  leav- 
ing gold  free.     Give  the  reaction. 

(11)  Sodium  sulphate  is  formed  according  to  the  follow- 
ing equation : 

H^SO^  +  Na,CC\  =  A\SC\  +  C(\  +  Hfi 

98  106  142  44  18 

How  much  sodium  sulphate  may  be  yielded  by  the  decom- 
position of  39G.11  grams  of  sodium  carbonate  ? 

Ans.   530.  G4  grams. 

(12)  How  much  lead  may  be  obtained  from  932  kilograms 
of  lead  sulphide  ?  The  atomic  weight  of  lead  is  207  and 
the  molecular  weight  of  lead  sulphide  239.     Ans.   807.21  Kg. 


BLOWPIPING. 


EXAMINATION   QUESTIONS. 

(1)  What  is  an  element  ? 

(2)  Define  {a)  a  molecule;  (^)  an  atom. 

(3)  Define  (a)  atomic  weight;    (6)  molecular  weight. 

(4)  Give  the  chemical  symbols  for  lead,  copper,  iron,  sul- 
phur, arsenic,  antimony,  gold,  silver,  calcium,  manganese, 
and  silicon. 

(5)  What  is  chemical  affinity  ? 

(6)  What  are  subscripts  ? 

(7)  What  is  a  radical  ? 

(8)  What  are  coefficients  in  a  chemical  sense  ? 

(9)  (a)  How  does  a  coefficient  immediately  outside  of  a 
bracket  affect  the  symbols  within  the  bracket  ?  {d)  How 
does  a  subscript  outside  the  bracket  affect  the  symbols 
inside  the  bracket  ? 

(10)  What  is  {a)  an  acid  ?     (d)  an  anhydride  ? 

(11)  What  is  (a)  a  base  ?     (d)  a  salt  ? 

(12)  Describe  how  mineral  acids  affect  carbonates,  sul- 
phides, and  silicates. 

(13)  Mention  some  minerals  not  acted  on  by  acids. 

(14)  (a)  How  should  the  blowpipe  be  used  to  produce  the 
oxidizing  flame  ?  (b)  How  should  the  blowpipe  be  used  to 
produce  a  reducing  flame  ? 

(15)  Define  oxidation  ? 

(IG)     What  is  meant  by  reduction  ? 
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(17)  What  wet  tests  are  sometimes  used  in  connection 
with  blowpiping  ? 

(18)  Give  Plattner's  scheme  for  the  examination  of  sub- 
stances before  the  blowpipe. 

(19)  Give  the  reactions  for  arsenic  and  antimony  in  both 
open  and  closed  tubes. 

(20)  How  is  selenium  recognized  in  the  open  and  closed 
tubes  ? 

(21)  Give  reactions  of  tellurium  in  both  tubes. 

(22)  Describe  the  method  of  heating  on  charcoal  and 
state  what  precautions  are  to  be  observed  in  ca.se  materials 
that  decrepitate  are  under  examination. 

(23)  Give  the  reactions  on  charcoal  for  bismuth,  cad- 
mium, and  zinc. 

(24)  Why  is  it  necessary  to  roast  substances  containing 
sulphur  and  arsenic  before  treating  them  in  the  beads  ? 

(25)  (a)  For  what  purpose  is  Von  Kobell's  scale  of  fusi- 
bility ?  (6)  How  is  the  fusibility  of  a  mineral  that  decrepi- 
tates determined  ? 

(26)  What  characteristic  colors  do  sodium,  barium,  cop- 
per, and  calcium  give  to  a  colorless  flame  ? 

(27)  (a)  To  what  class  of  substance  is  the  test  of  cobalt 
solution  to  be  applied  ?  {d)  In  the  case  of  what  elements  is 
it  to  be  relied  on  ? 

(28)  Describe  the  method  of  testing  minerals  with  salt  of 
phosphorus. 

(29)  {a)  What  metals  are  reducible  from  their  compounds 
on  charcoal  with  soda  ?  {d)  What  other  fluxes  are  to  be 
used  with  substances  difficult  to  reduce  ? 

(30)  Give  the  characteristic  test  of  fluorine,  chlorine,  and 
bromine. 

(31)  Give  the  characteristic  reactions  for  mercury. 

(32)  How  is  the  presence  of  water  detected  in  minerals  ? 

(33)  How  is  the  presence  of  sulphur  detected  when  it  is 
in  the  form  of  a  sulphate  ? 


MINERALOGY. 


EXAMINATION  QUESTIONS. 

(1)  What  is  a  mineral  ? 

(2)  In  examining  a  mineral,  what  physical  characteristics 
should  be  observed  ? 

(3)  What  is  the  difference  between  cleavage  and  fracture  ? 

(4)  What  is  meant  by  conchoidal  fracture  ? 

(5)  What  is  meant  by  the  streak  of  a  mineral  ?     How  is 
it  best  obtained  ? 

(6)  Vf]\dX  is  rci^dinthy  brittle  ;  flexible  ;  malleable  ;  dtictile ; 
elastic  ? 

(7)  Define  splendent  luster  ;  vitreous  luster. 

(8)  Give  Mohs'  scale  of  hardness,  and  describe  how  it  is 
used  in  determining  the  hardness  of  a  mineral. 

(9)  Give  a  general  scheme  for  the  examination  of  min- 
eral specimens. 

(10)  What  is  the  specific  gravity  of  a  substance  ?     How 
may  it  be  determined  ? 

(11)  What  is   meant  by  columnar  structure;  granular 
structure  ? 

(12)  Name  the  crystal  systems,  and  give  the  principal 
characteristics  of  each. 

(13)  D^fiTiQ  sjymmetry  plane  ;  symmetry  axis. 

(14)  What  are  hcmihedral  forms  ? 

(15)  What  is  basal  cleavage  ? 

(16)  What  is  ttvinning? 

(17)  Are  perfect  crystals  common  in  nature  ? 

(18)  How  may  distorted  crystals  be  identified  ? 
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(19)  How  does  gold  occur  in  nature  ? 

(20)  What  tests  distinguish  gold  from  substances  having 
a  similar  appearance  ? 

(21)  Name  the  principal  iron  minerals. 

(22)  What   are   the  general  characteristics  of  the  iron 
minerals  ? 

(23)  Give  the  color  and  streak  of  each  of  the  principal 
iron  minerals. 

(24)  What    are    the    distinguishing     characteristics    of 
pyrite  ? 

(25)  How   is   siderite   distinguished    from    minerals  of 
similar  appearance  ? 

(26)  What   are   the  general  characteristics  of  the  lead 
minerals  ? 

(27)  What  valuable  impurity  do  the  lead  minerals  often 
contain  ? 

(28)  What  are  the  principal  zinc  ores  ? 

(29)  What    tests    distinguish    franklinite   from    similar 
minerals,  notably  magnetite  ? 

(30)  Give    the    general    characteristics    of    the    silver 
minerals. 

(31)  Describe  the  mineral  cerargyrite, 

(32)  What  are  the  general  characteristics  of  the  copper 
minerals  ? 

(33)  How  is  malachite  distinguished  from  chrysocoUa  ? 

(34)  Describe  the  mineral  cuprite, 

(35)  How  may  chalcopyrite  be  distinguished  from  pyrite  ? 

(36)  Describe  the  mineral  garnieritCy  and  give  its  blow- 
pipe and  other  characteristics. 

(37)  What  is  stibnite^  and  how  is  it  distinguished  ? 

(38)  Describe  the  mineral  sphalerite^  and  give  its  chem- 
ical composition. 

(39)  What  are  the  principal  varieties  of  coal  ? 
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(40)  What    difference    in    composition    is    particularly 
noticeable  in  the  different  varieties  of  coal  ? 

(41)  How  may  calcite  be  distinguished  from  fluorite  ? 

(42)  Give  the  general  characteristics  of  the  manganese 
minerals. 

(43)  Describe  the  mineral  cinnabar ^  and  give  its  blow- 
pipe reactions. 

(44)  How  may  dolomite  be  distinguished  from  calcite  ? 

(45)  Describe  the  mineral  opaL 

(46)  What  makes  a  mineral  a  precious  stone  ? 

(47)  What  varieties  of  corundum  are  precious  stones  ? 
Give  the  color  of  each. 

(48)  How  is  the  corundum  (oriental)  ruby  distinguished 
from  the  spinel  ruby  ? 

(49)  How  is  a  garnet  distinguished  from  a  (oriental)  ruby? 

(50)  What  is  gypsum  t     Give  its  composition  and  charac* 
teristics. 

(51)  Of  what  value  are  pyrite  and  chalcopyrite  ? 

(52)  For  what  purposes  is  zinc  used  ? 

(53)  Name  four  of  the  principal   gangue  minerals  and 
give  a  description  of  each. 


ASSAYING. 


EXAMINATION  QUESTIONS. 

(1)  What  is  assaying  ? 

(2)  Describe  the  crucible  method  of  assaying  as  conducted 
in  a  muffle  furnace. 

(3)  (a)  What  precautions  must  be  taken  when  setting 
up  balances  ?  {d)  How  may  balances  be  prevented  from 
rusting  ? 

(4)  From  duplicate  ^-A.-T.  charges  of  an  ore,  two  gold- 
silver  buttons  are  obtained  weighing  15. 76  mg.  and  15. 74  mg. , 
respectively;  and  after  parting,  the  gold  from  the  two 
buttons  is  found  to  weigh  1.98  mg.  In  weighing,  a  1-mg. 
rider  is  used,  and  each  division  of  the  balance  beam  corre- 
sponds to  -^^  mg.  (a)  Describe  the  complete  operation  of 
weighing  the  buttons,  before  and  after  **  parting,"  naming 
the  weights  used,  giving  number  of  divisions  on  balance  beam 
indicated  by  rider,  etc.  (d)  Report  the  assay  of  the  ore  in 
ounces  of  gold  and  silver  per  ton  of  ore. 

(5)  (a)  How  is  fine  bullion  sampled  ?  (/;)  For  what 
purpose  is  the  **  preliminary  assay  "  of  fine  bullion  made  ? 
(c)  How  are  the  results  of  a  fine-bullion  assay  reported  ? 

(())  {a)  What  is  a  **  rider  "  and  how  is  it  used  ?  (b)  What 
are  the  advantages  of  a  rider  ? 

(7)  Tell  how  you  would  assay  a  sample  of  concentrates 
— consisting  principally  of  iron  pyrites — (a)  by  the  crucible 
method  of  assaying,  (I?)  by  the  scorification  method  of 
assaying. 
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(8)  If  from  a  preliminary  assay  of  500  mg.  of  fine  bullion 
we  obtain  300  mg.  of  silver,  and  analysis  shows  the  bullion 
to  contain  15  per  cent,  copper,  how  would  the  **  proof  *'  assay 
be  made  up  ? 

(9)  Volumetric  detenninaiion  of  irofi  in  ore.  Duplicate 
1-g.  ore  charges.  Titrations  of  the  solutions  of  iron  con- 
sumed 48.3  and  48.2  c.  c,  respectively,  of  the  standard  solu- 
tion. Standard  of  solution  is  .00995  (1  c.  c.  =  .00995  g.  of 
iron).      What  per  cent,  of  iron  does  the  ore  contain  ? 

(10)  (ci)  What  weights  should  the  assayer  have,  and  how 
should  tney  be  handled  ?  (b)  Why  are  metric  weights  used 
in  analytical  chemical  work  ? 

(11)  (a)  For  what  is  litharge  used  in  the  crucible  assay  ? 
(^)   How  would  you  make  a  litharge  assay  ? 

(12)  Describe  the  operation  of  **  parting  "  the  gold-silver 
buttons  from  ore  assays. 

(13)  The  standard  of  a  potassium-permanganate  solution 
for  iron  is  .01.  In  a  volumetric  analysis  of  a  manganese  ore 
in  which  1  gram  of  ore  was  used,  20.5  c.  c.  of  the  standard 
solution  were  consumed.  What  per  cent,  of  maganese  does 
the  ore  contain  ? 

(14)  DcvScribe  the  volumetric  method  of  determining 
copper  in  its  ores  by  means  of  a  standard  solution  of  cyanide 
of  potassium. 

(15)  If  from  2  A.  T.  of  litharge  we  obtain  a  silver  button 
weighing  1.5  mg.,  and  in  a  subsequent  crucible  assay  of  an 
ore  in  which  1  A.  T.  of  ore  and  1  A.  T.  of  litharge  are  used, 
we  obtain  a  button  of  silver  weighing  5.75  mg.,  how  many 
ounces  of  silver  does  a  ton  of  the  ore  contain  ? 

(16)  If,  after  making  all  corrections  for  loss  of  silver  in 
a  fine-bullion  assay,  we  find  that  500  mg.  of  bullion  contains 
398.5  mg.  of  silver  and  10  mg.  of  gold,  how  would  the  results 
of  the  assay  be  reported  ? 

(17)  The  standard  of  a  potassium-permanganate  solution 
for   iron  is   .01.     In  a    volumetric   analysis  of   an   ore   for 
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lime  CaOy  30.4  c.  c.  of  the  standard  solution  were  consumed. 
{a)  What  per  cent,  of  lime  does  the  ore  contain  ?  {I))  What 
per  cent,  of  calcium  Ca  does  the  ore  contain  ? 

(18)  In  the  phosphorus  determination,  if  arsenic  is  known 
to  be  present,  what  precaution  in  regard  to  the  temperature 
of  the  ore  solution  must  be  taken  at  the  time  the  molybdate 
solution  is  added  ? 

(19)  (a)  What  is  an  **  assay  ton"?  (/;)  vShow  how  the 
assay  ton  is  derived,  giving  proportion  expressing  the 
relation  between  an  assay  ton  and  a  ton  of  /J, 000  pounds 
avoirdupois. . 

(20)  If  from  45  g.  of  test  lead  a  button  of  silver  weighing 
.3  mg.  is  obtained,  and  in  a  subsequent  scorification  assay  of 
an  ore  in  which  .1  A.  T.  of  ore  and  45  g.  of  test  lead  are 
used,  a  button  of  silver  weighing  32.5  mg.  is  obtained,  how 
many  ounces  of  silver  does  the  ore  contain  per  ton  ? 

(21)  Scorification  assay.  Ore  charges  ^^  A.  T.  The 
gold-silver  buttons  weigh  3.45  mg.  and  3.47  mg.,  respect- 
ively, and  the  gold  from  both  buttons  weighs  2.12  mg. 
{(i)  How  many  ounce«  of  gold  and  silver  does  the  ore  con- 
tain per  ton  ?  (/;)  With  gold  at  ^20. 07  per  ounce  and  silver 
at  $.00  per  ounce,  what  is  the  value  of  the  ore  per  ton  ? 

(22)  Lead  fire  assay.  Duplicate  h-%.  ore  charges  are 
used.  Weights  of  lead  buttons  are  3.25  g.  and  3.27  g., 
respectively,  (a)  What  per  cent,  of  lead  does  the  ore  con- 
tain ?  (/;)  Had  10-g.  charges  of  ore  instead  of  h-%.  charges 
been  taken,  and  the  buttons  weighed  3.25  g.  and  3.27  g., 
respectively,  what  per  cent,  of  lead  would  the  ore  have  con 
tained  ? 

(23)  If  an  ore  contains  15  per  cent,  of  copper,  how  many 
c.  c.  of  a  solution  of  cyanide  of  potassium  having  a  stand- 
ard of  .005  will  be  consumed  in  titrating  a  solution  when 
1  g.  of  the  ore  is  used  ? 

(24)  Give  rule  for  the  calculation  of  the  number  of  ounces 
of  gold  and  silver  per  ton  of  ore  (without  metallic  scales), 
and  state  same  in  the  shape  of  a  formula. 
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(25)  Crucible  assay.  Ore  charges  \  A.  T.  Weight  of 
gold-silver  buttons  4.76  mg.  and  4.75  mg.,  respectively. 
Gold  from  both  buttons  weighs  .75  mg.  (a)  How  many 
ounces  of  gold  and  silver  does  the  ore  contain,  per  ton  ? 
{b)  What  is  the  value  of  the  ore  per  ton,  with  gold  and 
silver  worth  $20. 07  and  $.59  per  ounce,  respectively  ? 

(26)  What  two  volumetric  methods  are  commonly  used 
for  the  determination  of  iron  in  its  ores  ? 

(27)  How  would  you  prepare  and  standardize  an  approx- 
imately half-normal  solution  of  cyanide  of  potassium  for 
the  volumetric  determination  of  copper  in  its  ores  ? 

(28)  What  are  the  two  general  methods  in  use  for  the 
fire  assay  of  gold  and  silver  ores  ? 

(29)  What  will  the  gold  from  a  ^-A.-T.  charge  of  a 
$10  gold  ore  weigh,  gold  being  worth  $20.67  an  ounce  ? 

(30)  {a)  State  formula  used  for  calculating  the  results  of 
the  assays  of  gold  and  silver  ores  containing  metallic  scales. 
{b)  Ore  containing  metallic  scales.  Weight  of  pulp  248. 5  g. 
Weight  of  metallic  scales  1.98  g.  Metallic  scales  contain 
5.62  mg.  of  gold  and  853.51  mg.  of  silver.  The  pulp  is 
assayed  by  the  crucible  method  of  assaying,  using  dupli- 
cate ^-A.-T.  charges  of  ore;  the  gold-silver  buttons  obtained 
weigh  98.53  mg.  and  98.51  mg.,  respectively,  and  the  gold 
from  the  two  buttons  weighs  1.75  mg.  How  many  ounces 
of  gold  and  silver  does  the  ore  contain  per  ton  ?  (c)  What 
is  the  value  of  the  ore  per  ton  with  gold  and  silver  at  $20.67 
and  $.60  per  ounce,  respectively  ? 

(31)  In  a  determination  for  sulphur,  1  g.  of  the  sub- 
stance was  taken  and  .423  g.  of  barium  sulphate  and  filter- 
paper  ash  were  obtained.  The  ash  of  the  filter  paper  was 
known  to  weigh  .004  g.  What  per  cent,  of  sulphur  did  the 
substance  contain  ? 

(32)  (a)  What  precautions  must  be  observed  during 
cupellation  ?  (^)  Should  the  lead  buttons  containing  pre- 
cious metals  refuse  to  open  when  cupelling,  what  must  be 
done  ?     (c)  What  is  *'  blinking  "  and  what  does  it  indicate  ? 
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(33)  In  standardizing  a  solution  of  bichromate  of  potas- 
sium, two  charges  of  piano  wire  (99.7  per  cent,  pure  iron) 
were  used,  weighing  .105  g.  and  .112  g.,  respectively,  and 
the  titrations  consumed  20.9  c.  c.  and  22.4  c.  c.  of  bichromate 
solution,  respectively.  What  is  the  standard  of  the  solu- 
tion ?  (Give  all  calculations  involved  in  obtaining  the  stand- 
ard.) 

(34)  An  assayer  is  given  an  ore  with  the  request  that  he 
determine  its  gold,  silver,  iron,  lime,  copper,  zinc,  and  silica 
contents.  For  the  determination  of  the  gold  and  silver,  he 
used  the  crucible  method  of  assaying,  using  ^-A.-T.  charges 
of  ore,  and  obtained  gold-silver  buttons  weighing  8.63  mg. 
and  8.62  mg.,  respectively,  ancf  the  gold  from  both  buttons 
weighed  2.35  mg.  In  all  volumetric  determinations  he 
used  1-g.  charges  of  ore.  A  solution  of  potassium  perman- 
ganate having  an  iron  standard  of  .01  was  used  to  determine 
the  iron  and  the  lime,  and  in  the  iron  titration,  25  c.  c.  of 
the  standard  solution  was  consumed,  and  in  the  lime 
titration,  18.4  c.  c.  of  the  standard  solution  was  consumed. 
In  the  copper  determination,  *26.3  c.  c.  of  a  solution  of 
potassium  cyanide  having*  a  standard  of  .0049  was  con- 
sumed; in  the  zinc  determination,  4.5  c  c.  of  a  solution  of 
pota.ssium  ferrocyanide  having  a  standard  of  .0099  was 
consumed;  and  from  a  1-g.  charge  of  the  ore  the  silica 
weighed  .125  g.  How  many  ounces  of  gold  and  silver  did 
the  ore  contain  per  ton,  and  what  were  the  percentages  of 
iron,  lime,  copper,  zinc,  and  silica  in  the  ore  ? 


A  KEY 

TO     ALL     THE 

QUESTIONS    AND    EXAMPLES 

CONTAINED    IN    THE 

EXAMINATION    QUESTIONS 

Included  in  this  Volume. 


The  Keys  that  follow  have  been  divided  into  sections  cor- 
responding to  the  Examination  Questions  to  which  they 
refer,  and  have  been  given  corresponding  section  numbers. 
The  answers  and  solutions  have  been  numbered  to  corre- 
spond with  the  questions.  When  the  answer  to  a  question 
involves  a  repetition  of  statements  given  in  the  Instruction 
Paper,  the  reader  has  been  referred  to  a  numbered  article, 
the  reading  of  which  will  enable  him  to  answer  the  question 
himself. 

To  be  of  the  greatest  benefit,  the  Keys  should  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
as  a  pupil  would  go  to  a  teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a  source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  Course. 
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(1 1 88)  See  Arts.  1 970  to  1 977. 

(1189)  See  Arts.  1972  to  1974. 

( 1 1 90)  Less.     See  Art.  1 982. 

(1191)  See  Arts.  1975  to  1977. 

(1192)  {a)  See  Art.  1979. 

(d)   and  (c)  See  Art.  1 978. 
(d)  See  Art.  1982. 

(1193)  See  Arts.  1984  to  1986. 

(1194)  {a)  and  (*)  See  Arts.  1980  and  1981. 

(r)  1  B.  T.  U.  =  778  ft. -lb. 
dOi  B.  T.  U.  =  'dOi  X  778  =  23,729  ft. -lb.  Ans. 

(1 195)  35  H.  P.  =  35  X  33,000  ft. -lb.  per  min.  =  35  X 

33,000  X  60  ft. -lb.  per  hour  =  ^^  ^  ^^  ^  ^^  B.  T.  U.  per 

hour  =  89,074.5  B.  T.  U.  per  hour. 

But  this  is  the  heat  actually  used,  or  20^  of  the  whole. 
Hence,  the  heat  required  is  89, 074. 5 -i-. 20  =  445,372.5  B.T.U. 
per  hour.     Ans. 

(1 196)  One  horsepower  =  33,000  X  60  ft. -lb.  per  hour= 

33,000  X  60  ^  »,  ,,  , 

— *        B.  T.  U.  per  hour. 

Each  pound  of  coal  gives  14,000  B.  T.  U.^  of  which  85^,  or 
14,000  X  .08  =  1,120  B.  T.  U.,  is  utilized.  Hence,  the  coal 
required  per  hour  per  H.  P.  is 

83.0y  60  ^1,120  =  2.27  lb.     Ans.         . 
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(1197)  The  specific  heat  of  sulphur  is  .2026.  (See 
Table  41.)  By  formula  136,  U =c  I^(/,-/)  =  .2026X  22^  X 
(68  -  44)  =  109.4  B.  T.  U.     Ans. 

(1 198)  {a)  See  Art.  1984. 

{b)  To  raise  the  ice  from  17°  to  32°  requires  for  each 
pound  .504  X  (32  -  17)  =  7.56  B.  T.  U.  To  melt  it  requires 
144  B.  T.  U.  Hence,  1  lb.  requires  144  +  7.66  =  151.66 
B.  T.  U.     11  lb.  requires  11  X  151.56  =  1,667.16  B.  T.  U. 

Ans. 

(1199)  By  formula  136,  C^=  ^  W^ (/,-/)  =  .4805  X 
6  X  (342  -  310)  =  92.256  B.  T.  U.    Ans. 

( 1 200)  Using  formula  1 37, 

18X. 0951 X305+13X. 1138X278+32X1X56  _ 

18X.0951+13X. 1138+32x1  -77.45.    Ans. 

(1201)  {a)  966  B.  T.  U.     Ans. 

{b)  To  raise  a  pound  of  water  from  63°  to  212°  requires 
212  —  63  =  149  B.  T.  U.  To  change  it  into  steam  requires 
966.069  more  B.  T.  U.  966  +  149  =  1,115  B.  T.  U.  for  1  lb. 
Hence,  8  X  1,115  =  8,920  B.  T.  U.  are  required.     Ans. 

(1202)  To  change  1  lb.  of  ice  from  23°  to  32°  requires 
(32  -  23)  X  .504  =  4.536  B.  T.  U.  To  melt  the  ice  requires 
144  B.  T.  U.  To  change  the  water  at  32°  to  water  at  212° 
requires  180  B.  T.  U.  per  pound.  To  change  the  water 
at  212°  into  steam  at  212°  requires  966  B.  T.  U.  per  pound. 
4.536  +  144+180  +  966  =  1,294.536  B.  T.  U.  per  pound. 
For  2.2  pounds,  1,294.536X2.2  =  2,847.98  B.  T.  U.,  as 
required.     Ans. 

(1203)  See  Arts.  1991  to  1993. 

(1204)  See  Art.  2024  and  Arts.  2027  to  2030. 

(1205)  In  the  return-tubular  boiler  the  one  or  two 
large  flues  are  replaced  by  a  large  number  of  small  tubes. 
In  other  respects,  the  boilers  are  quite  similar  in  principle. 
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(1206)  See  Art.  2024. 

(1207)  See  Arts.  2017,  2023,  2025,  and  2028. 

(1208)  See  Art.  2024. 

(1209)  See  Art.  2023. 

(1210)  See  Art.  2011. 

(1211)  SeeArt.  2011. 

(1212)  {a)  See  Art.  2004. 

(b)  The  temperature  at  which  combustion  takes  place  is 
always  the  same  for  the  same  substance.  The  nitrogen 
reduces  the  temperature  of  the  furnace,  since  a  portion  of 
the  heat  given  off  by  combustion  is  required  to  heat  the 
nitrogen. 

(1213)  No.    See  definition  of  combustion,  Art.  2003* 

(1214)  See  Art.  2007. 

(1215)  See  Art.  2008. 

(1216)  The  number  of  heat  units  required  to  convert 
a  pound  of  water  at  32°  into  steam  at  400°  may  be  found  by 
means  of  formula  1 40* 

/r=  1,081.4  +  .305  X  400  =  1,203.4  B.  T.  U.     Ans. 

(1217)  In  order  to  use  formula  140,  the  temperature 
must  be  known.  This  can  be  found  when  the  pressure  is 
known,  by  means  of  formula  138.  Applying  the  formula, 
/  =  14  VT75  + 199=  384.2°,  the  temperature  of  saturated 
steam  having  a  pressure  of  175  pounds  per  square  inch. 
Now,  using  formula  1 40, 

H=  1,081.4  +  .305  X  384.2  =  1,198.6  B.  T.  U.     Ans. 

(1218)  Since  the  expansion  follows  Mariotte's  law,  the 
final  pressure  may  be  found  by  the  formula/,  ='^— -.     Sub- 

60  X  5 

stituting,  /,  = ——  =  24  lb.  per  sq.   in.  above  vacuum. 

0  X  ^*  V 

24  —  14.7  =  9.3  lb.  per  sq.  in.  above  atmosphere.     Ans. 
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(1219)  From  Table  42,  column  6,  the  total  heat  of 
combustion  of  one  pound  of  coal  is  found  to  be  14,133 
B.  T.  U. 

11  X  13  X  5  =  716  pounds  of  coal  burned  in  6  hours. 

14,133  X  715  =  10,105,095  B.  T.  U.  generated  by  the  com- 
bustion of  the  coal.     Ans. 

(1220)  According  to  Table  42,  the  amount  of  air 
required  for  the  complete  combustion  under  a  blast  draft  is 
found  to  be  14  pounds.  Hence,  the  amount  of  air  required 
for  combustion  of  the  coal  in  Question  1219  is 

715  X  14  =  10,010  pounds.     Ans. 

(1221)  The  number  of  pounds  of  water  having  a  tem- 
perature of  62°  which  can  be  converted  into  steam  having  a 
temperature  of  212°  is  found,  from  Table  42,  column  6,  to 
be  12. 67  pounds.  Hence,  the  total  quantity  of  water  which 
could  be  evaporated  under  the  above  conditions  by  the 
combustion  of  715  pounds  of  coal  is 

12.67  X  715  =  9,059.05  pounds.     Ans. 

(1222)  Since  the  pressure  is  3,600  pounds  per  square 
foot  above  a  vacuum,  and  there  are  144  square  inches  in  a 

square  foot,  the  pressure  above  a  vacuum  is   *        =  25  pounds 

per  square  inch.     Consequently,   the   pressure   per  square 
inch  above  the  atmosphere  is  25  —  14.7  =  10.3  pounds.    Ans. 

(1223)  See  Art.  2001. 

(1224)  According  to  formula  138,  the  required  tem- 
perature is 

/  =  199  +  14  X  4/152  =  371.62°  P.     Ans. 

( 1 225)  Applying  formula  1 39,  we  have  for  the  required 

(232 199\' 
— — ^  I  =  5.56    pounds  per  square    inch 

gauge-pressure.     Ans. 

(1226)  132  tons  equal  132x2,000  =  264,000  pounds, 
264,000  X  296  =  78,144,000  =  foot-pounds  of  work  necessary 
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to  raise  the  coal  to  the  top  of  the  shaft.     Since  1  B.  T.  U.  = 
778  foot-pounds,  the  heat  supplied  is 

78,144,000 


778 


=  100,442.15  B.  T.  U.     Ans. 


(1227)  277,160  X  778  =215, 630, 480  foot-pounds  of  work 
done  by  the  engine  in  two  hours. 

Hence,  ^^^>^^Q>^^Q  =  107,815,240  ft. -lb.  done  in  one  hour. 

Ans. 

(1 228)  The  strength  of  any  construction  is  always  that 
of  its  weakest  part.  In  the  present  example  the  diameter 
and  thickness  of  the  steam  and  water  drums  only  are  given, 
the  thickness  of  the  flues,  mud-drum,  and  boiler-shell,  and  the 
diameter  of  the  boiler-shell  being  omitted.  Such  being  the 
case,  we  must  confine  ourselves  to  the  strength  of  the  steam 
and  water  drums,  assuming  that  the  other  parts  of  the 
boiler  have  been  made  correspondingly  strong.  The  pres- 
sure which  the  steam-drum  will  safely  sustain  is  found  by 

16  608  X  A 
formula  141  to  be  — '—^ — 3J  =  216.25  pounds  per  square 

inch,  and  the  pressure  which  the  water-drum  will  safely  sustain 

is  found  by  the  same  formula  to  be  — ^— — - — i^=  259.6  pounds 

per  square  inch.  Since  the  safe  pressure  upon  the  steam- 
drum  is  less  than  that  which  can  be  sustained  by  the  water- 
drum,  the  pressure  on  the  boiler  must  not  exceed  the  safe 
pressure  which  can  be  sustained  by  the  steam-drum ;  that  is, 
216.25  pounds  per  square  inch.     Ans. 

(1229)  From  Table  43,  it  is  seen  that  from  14  to  18 
square  feet  of  water-heating  surface  are  required  to  produce 
one  horsepower  with  a  return-tubular  boiler.  Using  16 
square  feet  as  a  mean,  we  obtain 

1,620 


16 


=  lOli  H.  P.     Ans. 


(1230)     In  the  same  manner  as  in  example  1229,  it  is 
found    that  about   11  square  feet  of   heating-surface  are 
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required  to  produce  1  horsepower  with  a  water-tube  boiler. 
Hence, 

H.  P.  =    '        =  275  horsepower.     Ans. 

w 

(1231)  Applying  formula  142,  the  height  of  the 
chimney  is  found  to  be 

_  r  348  -y      r 348 "!•  _ 

~  L3.33  X  12-  24/12J  ""  L3.33  X  12  -  (2  X  3.464)J   "" 
111  ft.     Ans. 

(1232)  The  dome  and  the  dry-pipe.  See  Arts.  2022 
and  2023. 

(1233)  See  Art.  2019. 

(1234)  Blow-off  pipes  are  provided  to  remove  the  col- 
lected sediment.  The  boiler  is  also  provided  with  manholes 
or  handholes  for  cleaning  purposes. 

(1235)  See  Art.  2013. 

(1236)  To  avoid  overheating  and  burning  out  the 
upper  plates  of  the  furnace.  So  long  as  the  water  is  in 
contact  with  the  plates  which  are  next  to  the  fire,  they 
can  not  be  overheated  or  burned, 

(1237)  See  Art.  2023. 

(1238)  See  Art.  2017. 

(1239)  See  Art.  2018. 

(1240)  Answer  from  the  result  of  your  own  obser- 
vations. 

(1241)  The  steam-pipe  conveys  the  steam  after  it  is 
generated  from  the  boiler  to  the  place  where  it  is  used. 
The  feed-water  pipe  is  the  one  through  which  the  water  is 
introduced  to  the  boiler.  A  blow-off  pipe  is  one  attached 
to  the  lower  part  of  the  boiler  or  to  a  mud-drum.  It  is  used 
to  empty  the  boiler  of  the  whole  or  a  part  of  its  contents 

(1242)  See  Art.  2012. 
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(1243)  The  arm  of  the  safety-valve  is  a  lever  in  which 
the  power  is  the  total  steam-pressure  on  the  valve,  6  X  81  = 
486  pounds.  The  power  arm  is  2  inches,  and  the  weight  is 
54  pounds.     Calling  the  weight  arm  ^,  we  have,  from  for- 


mula 94, 


Pa  =  Wb,  or  486  X  2  =  54  X  b. 


„  ,      486X2      ...  . 

Hence,  b  ==  — —. —  =  18  m.     Ans. 

54 

(1244)  According  to  formula  141,  /  =  12i^|^2<i  = 

127.8  pounds  per  square  inch,  the  greatest  pressure  under 
which  it  would  be  safe  to  operate  a  boiler  of  these  dimen- 
sions. 

(1245)  See  Art.  2033. 

(1246)  {a)  See  Art.  2036. 

[p)  The  top  and  sides  of  the  furnace,  and  the  tubes. 

(1 247)  Using  formula  141,/=  ^^^"^^^^^  =  91i  lb. 

per  sq.  in.,  the  safe  working  pressure.  Therefore  it  would 
be  unsafe  to  use  110  lb.  pressure. 

(1248)  {b)  According  to  Table  43,  a  vertical  boiler  has 
from  15  to  20  square  feet  of  heating-surface  per  horsepower. 
Assuming  18  sq.  ft.  per  H.  P.,  the  heating-surface  will  be 
35  X  18  =  630  square  feet.     Ans. 

{a)  Since  the  heating-surface  is  25  to  30  times  the  grate 
area,  the  latter  must  lie  between  ^^  =  25.2  sq.  ft.  and  ^^  = 
21  sq.  ft. ;  say  about  23  sq.  ft.     Ans. 

{c)  One  horsepower  is  equivalent  to  an  evaporation  of 
30  pounds  of  water  per  hour,  the  feed  being  at  100°  and  the 
steam-pressure  at  70  pounds.  The  evaporation  per  hour  is, 
therefore,  35  X  30  =  1,050  lb.     Ans. 
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(1249)  The  stationary  parts  of  a  plain  slide-valve 
engine  are  the  steam-cylinder,  steam-chest,  supply-pipe, 
exhaust-pipe,  guide-bars,  shaft-bearings,  and  the  bed  or 
frame  of  the  engine. 

(1260)  The  expansion  curve  of  steam  on  an  indicator- 
card  represents  the  decrease  of  pressure  of  the  steam  after 
cut-off,  corresponding  to  the  increase  of  volume. 

(1261 )  It  passes  its  central  position  during  the  interval 
between  the  point  of  release  of  the  steam  from  the  head  "end 
of  the  cylinder,  and  the  point  of  compression  of  the  steam 
in  the  crank  end  of  the  cylinder,  during  the  forward  stroke 
of  the  piston,  and  conversely  for  the  backward  stroke. 

(1262)  Plain  slide-valves  usually  cut  off  between  one- 
half  and  full  stroke. 

(1263)  The  points  of  cut-off  and  release  are  marked, 
as  shown  in  Figs.  46,  47,  48,  and  49.  The  perpendicular 
distances  from  these  points  to  the  atmospheric  line  are 
measured.  Multiplying  the  lengths  of  these  perpendiculars 
by  45,  the  scale  of  the  spring,  we  obtain 

1.3750 


.6625 

1.3750 
.6800 

1.3800 


n.  X  45  =  61.8750  lb.  for  cut-off  ) 

n.  X  45  =  25.3125  lb.  for  release  )     ^^' 


n.  X  45  =  61.8750  lb.  for  cut-off  ) 

n.  X  45  =  30. 6000  lb.  for  release  J      *^' 


n.  X  45  =  62. 1000  lb.  for  cut-off 
1200  in.  X  45  =    5.4000  lb.  for  release 


[  Fig. 


47. 


48. 


49. 


1.3700  in.  X  45  =    61.650  lb.  for  cut-off  )  „. 
.1200  in.  X  45  =    5.4000  lb.  for  release  3     ^^' 
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To  find  the  back-pressure,  in  each  case,  find  the  perpen- 
dicular distance  between  the  lowest  point  of  diagram  and 


FlO.  W. 

the  atmospheric  line ;  multiply  by  45,  the  scale  of  the  spring, 
and  the  products  will  be  as  follows: 
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.065  in.  X  45  =  2.925  lb.  back-pressure  for  Fig.  46. 
.070  in,  X  45  =  3.15    lb.  baclt-pressure  for  Fig,  47. 


FIO.  Bl. 


,073  in.  X  45  =  3.385  lb.  back-pressure  for  Fig.  4& 
.075  in,  X  45  =  3.375  lb.  back-pressure  for  Fig.  4ft 
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To  determine  the  steam-pressure  in  the  cylinder  at  the 
point  of  compression,  we  must  combine  diagrams  A  and  B 
and  E  and  F.  These  diagrams  are  combined  by  placing 
B  upon  A  and  F  upon  E^  the  atmospheric  and  extreme 
right  and  left  hand  lines  coinciding.  The  height  ab  oi  the 
diagram  B^  in  Fig.  50,  represents  the  pressure  of  the  steam 
in  the  crank  end  of  the  cylinder  at  the  point  of  compression 
of  the  diagram  A,  This  is  as  it  should  be,  since  the  com- 
pression curve  is  drawn  by  the  pencil  of  the  indicator  when 
the  piston  is  making  its  return  stroke.  In  a  similar  manner, 
the  pressure  of  the  steam  in  the  head  end  of  the  cylinder 
at  the  point  of  compression  in  the  crank  end  is  the  height 
a'  b'  of  A,  In  Fig.  51  the  height  ab  represents  the  pressure 
at  compression  for  E,  and  a'  b'  the  same  for  i^  These 
results  tabulated  are  as  follows : 

.85  in.  X  45  =  38.25  lb.  for  A. 

•      .74  in.  X  45  =  33.30  lb.  for  B. 

.90  in.  X  45  =  40.50  lb.  for  E. 

.90  in.  X  45  =  40.50  lb.  for  F. 

(1254)  Project  the  extreme  right  and  left  hand  points 
of  the  indicator-diagrams  upon  the  atmospheric  line;  divide 
the  distance  between  them  into  any  number  of  equal  spaces — 
26  in  this  case — and  through  the  centers  of  these  spaces  draw 
lines  across  the  diagram  perpendicular  to  the  atmospheric 
line.  Now  measure  the  length  in  inches  of  each  of  these 
perpendicular  lines  (the  lengths  are  given  in  all  the  figures), 
and  take  their  sum ;  divide  this  sum  by  the  number  of  the 
equal  spaces  into  which  the  atmospheric  line  is  divided,  and 
multiply  the  quotient  by  the  scale  of  the  spring. 

Sum  of  the  perpendiculars  of  the  diagram  of  Fig.  46  = 
24.02  in. ;  then, 

?^  X  45  =  41.573  lb.,  M.  E.  P. 

Sum  of  the  perpendiculars  of  the  diagram.  Fig.  47, =26  in. ; 

then, 

IfX  45  =  45  lb.,  M.  E.  P. 
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The  average  M.  E.  P.  for  both  diagrams  is 

41.573+46      ^oomu  •         A 
^ =  43.29  lb.  per  sq.  m.     Ans. 

(1265)  Sum  of  the  perpendiculars  of  the  diagram, 
Fig.  48,  =  8.355  in. ;  then, 

?l|?  X  45  =  14.40  lb.,  M.  E.  P. 

Sum  of  the  perpendiculars  of  the  diagram,  Fig.  49,=  8.97; 
then, 

2;^  X  45  =  15.625  lb.,  M.  E.  P. 

/CO 

The  average  M.  E.  P.  for  the  two  diagrams  is 

14.40+15.525      ,,^^.  ,,  .         A 
=  14.96  lb.  per  sq.  m.     Ans. 

(1266)  Area  of  15-inch  piston  =  15'  X  .7854  =  176.715 
square  inches. 

Using  formula  143^ 
I.  H.  P.  =  '^•^^^'?,'iy^'''  =  81.14  I.  H.  P.     Ana 

t5«5,000 

(1267)  Proceeding  as  in  example  1256, 

J  jj  p  ^  l^««X  2X176^715X175  ^  ^^^^  j  ^  p      ^^^ 

33,000 

(1268)  The  actual  horsepower  is  81.14  —  28.04  =  53.1 
H.  P.     Ans. 

Applying  formula  146,  the  efficiency  is 

53.1 

■p-r^  =.654  =  65.4  per  cent.     Ans. 
81.14 

(1250)     The  force  of  gravity  and  the  centrifugal  force. 

(1260)  See  Art.  2098. 

(1261)  The  piston,  piston-rod,  cross-head,  connecting- 
rod,  crank,  crank-shaft,  eccentric,  eccentric-rod,  slide-valve, 
and  fly-wheel. 

N.  M.    11.-36 
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(1262)  In  order  that  the  energy  stored  in  them  may 
be  utilized  in  carrying  the  crank  over  its  dead-center  posi- 
tion, and  also  to  cause  the  engine  to  run  at  a  more  uniform 
speed. 

(1263)  Compression  is  taking  place.  See  Figs.  50 
and  51. 

(1264)  Any  portion  added  to  the  length  of  a  valve 
more  than  is  absolutely  necessary,  in  order  to  cover  the  out- 
side edges  of  the  steam-ports  when  the  valve  is  in  its  central 
position,  is  called  the  outside  lap  of  the  valve.  It  is  added 
to  enable  the  valve  to  cut  off  the  live  steam  before  the 
piston  reaches  the  end  of  its  stroke. 

(1265)  Apply  rule,  Art.  2069.  Cut-off  in  the  dia- 
gram, Fig.  807,  takes  place  at  a  point  1.34  inches  from  a. 
See  Fig.  46. 

1  34 
Therefore,  cut-off  equals  ^-^,  or  41^^  of  stroke. 

Cut-off  in  the  diagram.  Fig.  808,  takes  place  at  a  point 
1.48  inches  from  a.     See  Fig.  47. 

Therefore,  cut-off  equals  ^^,  or  46^  of  stroke,  nearly. 

o.  Zo 

Cut-off  in  the  diagram.  Fig.  809,  takes  place  at  a  point 
.255  inch  from  a.     See  Fig.  48. 

255 

Therefore,  cut-off  equals^-—,  or  7.8^  of  stroke. 

o.  Zo 

Cut-off  in  the  diagram,  Fig.  810,  takes  place  at  a  point 
.246  inch  from  a.     See  Fig.  49. 

Therefore,  cut-off  equals^—-,  or  7.6^  of  stroke. 

In  each  case  the  length  of  the  diagram  is  3.25  inches. 

(1266)  The  indicated  horsepower  of  this  engine  will 
be  about  one-half  greater  than  the  actual  horsepower,  or 
V"  +  65  =  97.5  horsepower.     See  example.  Art.  2077. 

A  fair  piston  speed  is  500  feet  per  minute. 


§  19  STEAM-ENGINES.  7 

Assume  the  cut-off  to  be  taken  at  f  and  the  boiler-pressure 
to  be  70  pounds  per  square  inch.  Applying  formula  144, 
the  M.  E.  P.  =  .9  [.937  (70  +  14.7)  -  17]  =  5G.13  pounds  per 
square  inch.     Letting  d  =  diameter  of  cylinder, 


-  „   _        d'x  .7854  X  56.13  X  500      ^^  ^ 

^-  ^-  ^-  = spoo =  ^^'^^  ^^ 


=/ 


97.5X33,000  .o  no  •     u  io  •     u 

=  12.08  mches,  or  say  12  mches. 


.7854  X  56.13  X  500 

Taking  the  ratio  of  stroke  to  diameter  of  cylinder  as  1^, 
we  have  stroke  =  12  X  li  =  18  inches.  The  number  of 
revolutions  of  the  crank  is 

— — —  =  166f  revolutions  per  minute. 

lo 

(1267)  A  combination  of  two  single-cylinder  engines 
of  exactly  the  same  description  and  dimensions,  which  have 
their  cranks  rigidly  connected  to  a  common  crank-shaft 
and  take  the  steam  at  the  same  pressure,  is  called  a  duplex 
engine. 

Compound  GngiuGS  are  those  having  two  cylinders,  of  which 
the  working  lengths  are  usually  the  same,  but  the  diameter 
of  one,  the  high-pressure  cylinder,  is  less  than  that  of  the 
other,  the  low-pressure  cylinder,  and  the  steam,  instead  of 
entering  both  cylinders  at  boiler-pressure,  enters  first  the 
high-pressure  cylinder,  and  is  exhausted  from  there  into 
the  low-pressure  cylinder 

(1268)  One  in  which  the  cylinder  is  in  a  vertical  or 
upright  position. 

(1269)  The  stroke  of  an  engine  is  the  distance  passed 
over  by  the  piston  when  moving  from  one  end  of  the  cylin- 
der to  the  other  end,  and  is  equal  to  the  throw  of  the  cranky 
or  to  the  diameter  of  the  circle  described  by  the  center  of 
the  crank-pin. 

(1270)  An  eccentric  is  a  disk,  or  wheel,  so  arranged 
upon  a  shaft  that  the  center  of  the  wheel  and  that  of  the 
shaft  do  not  coincide.     It  is  equivalent  to  a  crank  having 
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the  same  throw,  and  is  used  to  give  motion  to  the  slide- 
valve. 

(1271)  It  is  the  period  during  which  the  steam  remain- 
ing in  the  cylinder  after  the  exhaust-valve  has  closed  is 
compressed  as  the  piston  continues  the  return  stroke.  It 
begins  at  the  instant  that  the  valve  closes  the  port  to  the 
exhaust-steam. 

(1272)  It  shortens  the  period  of  release  and  lengthens 
both  the  period  of  expansion  and  compression. 

(1273)  It  permits  an  earlier  cut-off,  together  with  a 
greater  range  and  more  perfect  steam  distribution. 

( 1 274)  Using  formula  1 43, 

,   „   p  _  62.4  X. 7854  X  18' X  ft  X  2  X  175  _ 
^'  "■  33,000  "" 

33G.825  I.  H.  P.     Ans. 

(1275)  By  setting  the  cranks  at  right  angles,  both 
engines  can  not  be  on  a  dead-center  at  the  same  time. 

(1276)  See  Arts.  2097  and  2098. 

(1277)  By  the  bore  of  a  cylinder  is  meant  its  diameter. 

(1278)  Steam  is  called  live  steam  when  it  leaves  the 
boiler  and  before  doing  any  work  in  the  cylinder.  The 
energy  stored  in  the  live  steam  is  potential  energy. 

(1279)  The  fly-wheel  supplies  the  force  necessary  to 
overcome  the  retarding  effect  of  compression. 

(1280)  (a)  The  dead-center  positions  occur  when  the 
piston  reaches  the  end  of  its  stroke,  and  the  centers  of 
the  cross-head  pin,  crank-pin,  and  crank-shaft  are  in  the 
same  straight  line. 

(d)  Twice. 

(1281)  A  steam-engine  indicator  is  an  instrument 
which  draws  a  diagram  showing  the  pressure  of  the  steam 
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in  the  cylinder  at  every  point  of  the  stroke.     See  Fig.  679 
for  method  of  fastening  to  cylinder, 

(1282)  See  Art.  2097. 

(1283)  See  Art.  2039. 

(1284)  It  is  the  resistance  against  being  pushed  into 
the  condenser  or  the  atmosphere  which  the  exhaust-steam 
exerts  on  the  piston. 

(1 285)  By  period  of  release  is  meant  that  period  during 
which  the  steam  is  escaping  into  the  atmosphere  or  con- 
denser.    The  point  of  compression  marks  the  end  of  release. 

(1286)  See  Art.  2049. 

(1287)  Two.  One  spring  is  to  resist  any  upward 
motion  of  the  indicator-piston,  and  the  other  is  to  carry 
the  drum  back  to  its  first  position  when  the  pull  on  the 
cord  is  discontinued. 

(1288)  The  back-pressure  line  would  then  fall  below 

its  present  position  a  distance  represented  by  a  pressure  of 

124- 
I  X  14.7  =  12i  pounds  =  -—^  =  .27  inch,  nearly.     Then,  for 

the   same   mean   effective   pressure,   the   cut-off  would  be 
earlier. 

(1289)  See  Art.  2091. 

( 1 290)  See  Art.  2039. 

(1291)  See  Art.  2042. 

(1292)  Release  is  taking  place. 

(1293)  The  varying  pressures  of  the  steam  while  being 
compressed. 

(1294)  See  Art.  2050. 

(1295)  See  Art.  2055. 

(1296)  See  Art.  2055. 

(1297)  See  Art.  2078. 

(1298)  See  Art.  2039o 
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(1290 
(1300 
(1301 
(1302 
(1303 


See  Art.  2050. 

At  the  end.     See  Art.  2045. 

See  Arts.  2048  and  2050. 

See  Art.  2055. 

Using  formula  144  and  the  constants  in  Table 
44,  the  M.  E.  P.  for  ^^  cut-off  is 

.9  [.708  (75  +  14.7)  -  17]  =  41.86  lb.  per  sq.  in.     Ans. 

For  cut-off  at  j^  stroke, 

M.E.P.  =  .9[.847(75-f  14.7)-17]  =  53.16lb.  persq.  in.    Ans. 

(1304)     See  Art.  2080. 

See  Art.  2092. 

See  Art.  2039. 

See  Art.  2044. 

Closed.     See  Art.  2045  and  Fig.  670  (a). 

See  Art.  2045. 

Using  formula  145, 


(1305) 
(1306) 
(1307) 
(1308) 
(1309) 
(1310) 


^      /R       ,      G5      350X6      ,«  .     , 
o  =  —  or  /  =  -^  =  — — - —  =  12  mches. 


An& 


(1311) 
(1312) 
(1313) 
(1314) 
(1315) 
(1316) 


See  Art.  2080. 

See  Arts.  2094  and  2098. 

See  Art.  2039« 

See  Art.  2043. 

See  Art.  2052. 

Applying  the  rule,  Art.  2056, 

length  =  —T^  =■  24  inches.     Ans. 


(1317)  Applying  formula  145, 

c      77?      48  X  50      ,^^  .    ^  .     ^         . 

6  =  -—  =  — =  400  feet  per  mmute.     Ans. 

(1318)  See  Art.  2086. 
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(1319)  See  Arts.  2096  and  2097. 

(1320)  See  Art.  2044. 

(1321)  See  Art.  2044. 

(1322)  Formula  143  gives 

XT  i>       PLAN       43.4  X  if  X  22*  X  .7854  x  ^  X  200_ 
^-  ■^-  ^'  -"    33,000  . ""  SpOO 

300  H.  P.,  nearly.     Ans. 

(1323)  See  Art.  2061. 

(1324)  Applying  formula  145, 

therefore, 

60 

(1325)  See  Art.  2081. 

(1326)  See  Art.  2096. 
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Note. — In  calculating  the  percentage,  formulas,  etc.,  of  the  examples, 
the  commonly  used  atomic  weights,  which  arc  given  in  parenthesis 
under  the  names  of  the  elements  in  the  Instruction  Paper,  have  been 
employed. 

(1)  See  Art.  16. 

(2)  See  Arts.  28,  29,  and  31. 

(3)  Zn^   +   Si  +    C>,    =   Zn^SiO, 

65x2  28         16x4  222 

The  molecular  weight  of  zinc  orthosilicate  being  222, 
this  compound  contains  130  parts  by  weight  of  zinc,  28  parts 
by  weight  of  silicon,  and  64  parts  by  weight  of  oxygen. 
Applying  formula  1 ,  Art.  42,  we  obtain 

222  ^ 

^.        28X100  ^cn.^ 

^^^   — ooo =12.61j^.     Ans. 

^^10X4X100     ^^3^.^      ^„^ 

100.00^. 

(4)  See  Art.  48. 

(5)  4//C7   +    MnO^    =    MnCl^   +    Ulfi   +    C/, 

4(1  +  35.5)        (55  -h  32)         (55  -+-  71)         Z(2  -h  16)  71 

146  87  126  36  71 

According  to  this  equation, 

87  parts  of  pure  MnO^  =  71  parts  of  chlorine; 
100  parts  of  pure  ]\InO^  —  81.0  parts  of  chlorine; 
30  parts  of  pure  MnO^  —  24.48  parts  of  chlorine. 

As  the  sample,  weighing  30  grams,  produces  only  12.04 
grams  of  chlorine,  it  contains  40.18j^  MnO^.     Ans. 

§33 
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(6)  See  Art.  63. 

(7)  {a)  and  (*)  See  Art.  81. 

(8)  {a)  See  Art.  106. 
(*)  No. 

(9)  Ferrosoferric  oxide,  or  magnetite,  Fefi^,  72.41^  iron. 
Ferric  oxide,  or  hematite,  Fe^O^,  70^  iron. 
Hydrated   ferric   oxide,    or   limonite, 

2/v,(9„  3//, (9,  59.9^  iron. 

Ferrous  carbonate,  or  siderite,  FeCO^y     48. 27^  iron. 

Percentage  of  iron  is  obtained  by  employing  formula  1, 
Art.  42. 

(10)  {a)  Vapor  density  is  99.25. 
(b)     See  Art.  152. 

{d)  The  white  of  eggs  is  coagulated  by  mercury  chloride 
in  the  stomach,  an  insoluble  compound  being  thus  formed 
which  can  not  be  dissolved  by  the  gastric  juice,  and  there- 
fore can  no  longer  act  as  a  poison. 

(11)  Oxygen  is  diatomic,  and  as  ozone,  triatomic.  Sul- 
phur is  diatomic  and  hexatomic. 

( 1 2)  See  Arts.  1  and  2. 

(13)  When  a  dyad  and  a  pentad  combine,  each  has  to 
furnish  10  bonds,  10  being  the  least  common  multiple  of 
5  and  2.     To  do  this,  5  dyads  and  2  pentads  are  required. 

(14)  The  molecular  weight  of  sodium  is  IOC.  The 
atomic  weight  of  Na  =  23,  6'=  12,  (?  ==  16. 

Applying  formula  2,  the  number  of  atoms  of 

..    .    106  X  43.39       _ 

^^^^-mnoo-  =  ^' 

^  .    106  X  11.32  _, 
^    '^     12  X  100    "  ^' 

^   .    106  X  45.29      ^ 

O  IS--— ;— —  =3; 

10  X  100  ' 

hence  the  formula  is  Na^CO^, 
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(15)  See  Art.  49. 

(16)  {a)  See  Art.  57. 

{b)  Oxygen  and  ozone,  chlorine. 

(17)  (a)  See  Art.  64. 

•  {b)  I.  Atomic  weight,  127. 

(c)  See  last  part  of  Art.  64. 

(18)  {a)  and  (*)  See  Art.  82. 

(19)  See  Art.  104. 

(20)  {a)  See  Art.  1 30. 

(d)  See  Art.  131. 

(21)  ^gCl,    -\-    Hg  ^    Hg.Cl, 

(200  +  71)  200  471 

Using  formula  6,  Art.  44,  we  obtain 

^1^=  1.73  kilograms  HgCl^,     Ans. 

200  X_3  ^  ^  ,^^  kilograms  Hg.     Ans. 
471 

(22)  (a)  and  (b)  See  Art.  4. 

(23)  See  Art.  11. 

(24)  {a)  See  Art.  1 8. 
(b)  See  Art.  19. 

(25)  NaCl,  sodium  chloride. 

SrO^    strontium  oxide. 
SfiOy    stannous  oxide. 
SnO^y  stannic  oxide. 

(26)  2CaO  +   2C/,   =   2CaC/,   +    O, 

2(40  +  16)         2(71)  2(40  +  71)         2(16) 

112  142  222  32 

By  using  formula  6,  Art.  44, 

112X_39  ^  granns  of  CaO.     Ans. 

IG  X  2  ^ 
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(27) 

See  Art.  51. 

(28) 

See  Art.  56. 

(29) 

See  Art.  68. 

(30) 

See  Arts.  83  and  84. 

(31) 

Ethylene  dichloride. 

(32) 

NiAs          59  X  1  X  100 
59  -H  75                    134 

134 

=  44.03^  nickel.      Ans. 


(33)  {a)  Silver  chloride. 

{b)  Used  in  photography  because  it  possesses  the  property 
of  turning  black  on  exposure  to  light. 

(34)  {a)  See  Art.  162. 

{b)  Sn  +  CI,  +  2H,0  =  SnCl,(H,0\ 

118        71  36  225 

Using  formula  8,  Art.  44, 

=  47G.7  kilograms.     Ans, 

lib 

(35)  See  Art.  6. 

(36)  See  Art.  14. 

(37)  {a)  See  Art.  21. 

{b)     Atoms  are  classified  as  monads,  dyads,  triads,  tetrads, 
hexads,  and  heptads. 

(38)  {a)  See  Art.  32. 
(b)  See  Art.  33. 

(39)  By  using  formula  3,  Art.  43,  we  obtain 

150X78.07      ^^^     ^       .         .'.^     -    .  . 

a  =  — 77T7v—  =  11*^»  atomic  weight  of  tm.     Ans. 

(40)  Symbol,    0.      Density,    16.      Atomic    weight,    16. 
Valence,  II. 

(41)  See  Art.  56. 

(42)  See  Art.  69. 
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(43)  {a)  See  Art.  89. 

(^)     TJfhsiF  ^^  ^   grain   of    arsenious    acid    in    100-grain 
measures  of  the  solution  can  be  detected. 

(44)  See  Art.  111. 

(45)  See  Art.  134. 

(46)  [a)  No ;  gold  is  soluble  only  in  aqua  regia. 
(b)  See  Arts.  158  and  159. 

(47)  See  Art.  7. 

(48)  See  Art.  22. 

(49)  See  Art.  23. 

(50)  By  using  formula  4,  Art.  43,  we  obtain 

m  =  • ^=- =  97,  molecular  weight  of  zinc  sulphide. 


Ans. 


(51)     {a)  CuO. 

Cu  +  0=CuO 

63.5      16        79.5 
l^A^p^=  20.13^0,     Ans. 
(*)  MnO,, 

55      (16  X  2)         87 
16  X  2  X  100 


87 


=  30. 78^  O.     Ans. 


(52)  Rock    salt,     being    a   compound   of    .sodium    and 
chlorine. 

(53)  {a)  See  Art.  70. 

{d)     Because  it  crystallizes  in  two  forms  belonging  to  two 
distinguished  systems,  it  is  called  a  dimorphous  element. 

(c)     See  Art.  70. 

(54)  See  Art.  92. 

(55)  %NaNO,  +  K^CO,  =  "IKNO,  +  Na^CO^ 

170  138  202  106 
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Using  formula  8,  Art.  44, 

^-^^^ J^  ^^^  =  1, 188. 23  grams  of  KNO^,     Ans. 
170  ^  ■ 

(56)  {a)  Potassium,    24.68ji^. 

Manganese,  34.82^. 
Oxygen,        40. 50^. 

Molecular  weight  of  compound,  316. 

Using  formula  2,  Art.  43,  we  obtain 

^  ^      .         24.68  X  316      ^ 

Potassium. =  2. 

'     39  X  100 

,-  34.82  X  316      ^ 

*^^^'^^^^'^'     55  X  100    =  ^• 

^  40.5  X  316       . 

^^y^""'    16  X  100   =  ^- 

The  formula,  therefore,  is  K^Mnfi^. 
(b)     Potassium  permanganate. 

(57)  (a)  and  (*)  See  Art.  160. 

(r)     Being  unaltered  by  single  acids,  moisture,   air,  or 
heat,  it  is  especially  useful  in  the  arts  and  in  the  laboratory. 

(58)  See  Art.  lO. 

(59)  {a)  and  {b)  See  Art.  24. 

(60)  {a)  and  (b)  See  Arts.  35  and  36. 

(61)  3/,  +  ^KOH  =  hKI  +  KIO^  +  ZHfi 

762  386  830  214  54 

Employing  formula  6,  Art.  44,  we  obtain 

{a)     762  X  210      ,_.  ^  ....  . 

ifig r- =  192.8  grams  of  lodme.     Ans. 

(b)     336  X  210      ^^  ^,  ,      ,      .        u   ^     .        A 

^  '  —-  =  85.01  grams  of  potassmm  hydrate.    Ans. 

(62)  See  Art.  51. 

(63)  See  Art.  55. 
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(64)  See  Art.  72. 

(65)  See  Art.  92. 

(66)  ^Na^SO^  +  ^CaCO,  +  UC  =  ZNa^CO^  +  ZCaS  + 
CaO  +  14Ca 

Using  formula  8,  Art.  44,  we  obtain 

— — — =  538.2  kilograms.     Ans. 

(67)  See  Art.  1 38. 

(68)  See  Art.  1 2. 

(69)  Fe,  Sn,  Na,  A  I. 

(70)  2NaOH  +  H^SO,  =  )i.H^O  +  Na^SO^,  sodium 
sulphate. 

(71)  CH,+  %0,=  CO,  +  %H,0, 

Two  volumes  of  methane  and  4  volumes  of  oxygen  yield 
2  volumes  of  carbon  dioxide  and  4  volumes  of  water. 

(72)  No. 

(73)  See  Art.  58. 

(74)  See  Art.  73. 

(75)  {a)  See  Art.  96. 
(b)  See  Art.  98. 
{c)  See  Art:  98. 

(76)  {a)  and  {b)  See  Arts.  121  and  122. 

(77)  See  Art.  140. 

(78)  See  Art.  15. 

(79)  Twelve  atoms  of  titanium,  4  atoms  of  phosphorus, 
6  atoms  of  sulphur. 

(80)  See  Art.  37. 

(81)  (a)  Seventy-two. 

{b)  Metals  and  metalloids. 
{c)  See  Art.  47. 
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(82)     Hfi, 

2         16  18 

2X  100       ,,  ,wi     ^  A 

=  ll.lljfc  hydrogen.     Ans. 


18 
16  X  100 


=  88.88^  oxygen.     Ans. 


18 

(83)  BC/,  36.5,  18.25.     See  Art.  59. 

(84)  See  Art.  62. 
(85)-    K.SiO,, 

SiO^  +  2K^C0,  =  K^SiO,  +  2C(9, 

(86)  {a)  See  Art.  1 23. 
(b)  See  Art.  124. 

(87)  {a)  See  Art.  144 — Occurrence  of  lead 
(b)  See  Art.  144. 

(88)  See  Art.  25. 

(89)  See  Art.  26. 

(90)  {a)  See  Art.  39. 
{b)  See  Art.  39. 
{c)  See  Art.  39. 

(91)  {a)  See  Art.  46. 

. , X    (  Metalloids:   CI,  P,  5,  N,  As,  H. 
^  ^    (Metals:  K,  Na,  Fe, 

(92)  (a)  See  Art.  53. 
{b)  See  Art.  54. 

(93)  See  Art.  60. 

(94)  {a)  and  {b)  See  Art.  79. 

(95)  {a)  and  (b)  See  Art.  99. 

(96)  See  Art.  1 26. 

(97)  {a)  CuSO,. 

{b)  and  (c)  See  Art.  142. 
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(98)  (a)  See  Art.  41. 

(d)  c,H^  +  CI,  =     c\//,a    +   IICl 

(24  -h  6)         71  (24  -f  5  4-  35.5)       (:  +  35.5) 

30  71  64.5  36.5 

Thirty  parts  of  ethyl  hydride  +  71  parts  of  chlorine  yield 
64.5  parts  of  ethyl  chloride  and  3G.5  parts  of  hydrogen 
chloride. 

(99)  H^SO,  +  Zn  =  ZnSO,  +  //, 

98  65  161  2 

If  1  liter  weighs  .0896  gram,  10  liters  weigh  .890  gram. 
Using  formula  6,  Art.  44, 

JF=  — — -c— —  =  4:3.9  grams  of  sulphuric  acid.     Ans. 
/^ 

(lOO)  H^+0  =  H^O 

2  16  18 

16  X  500       .....  - 

-  =  444.44  grams  of  oxygen. 


18 

2  X  500 

18 

444.44  X  11.2 


=  55. 5G  grams  of  hydrogen. 


=  311.11  liters  of  oxygen.     Ans. 


10 
55.555  gr.  x  11.2  =  022.27  liters  of  hydrogen.     Ans. 

(101)  Molecular  weight:  98,  H^SO^. 
Properties.   See  Art.  75. 

(102)  Sec  Art.  80. 

(103)  {a)  See  Art.  102. 

(b)  Use  formula  2. 
{c)  See  Art.  102. 
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CHEMISTRY  AND  CHEMICAL 

OPERATIONS. 


(1)  A  fluid  ounce  is  a  measure  of  volume  and  not  of 
weight.     It  is  j\  of  a  pint.     See  Art.  3. 

(2)  19.59.     See  Art.  2. 

(3)  739  X  420  -h  760  =  408  c.  c.     See  Art.  5. 

(4)  (a)  Corrosion;     turning     alkali    solutions    neutral; 
forming  metal  salts;  turning  blue  litmus  paper  red. 

(^)     Sulphurous    acid   contains   no   hydrogen;    sulphuric 
acid  contains  hydrogen. 

(5)  A  substance   that  will  cause  an  element  to  combine 
with  oxygen.      See  Art.  21  • 

(6)  K  (39)  +  O  (16)  +  //{!)  =  56  grams  per  liter,  or, 
since  there  are  1,000  c.  c.  in  a  liter,  each  c.  c.  =  .056  gram. 

(7)  Al  103  X  .534  -T-  27.5  =  2AI  or  Al^ 
O  .466  X    103  -7-16     =30  or  O, 

and  the  formula  is  Al^O^. 

(8)  A^^,  =  23X2=    46  46  X  100 -r- 202  =  22.8 

^,   =  11  X  4  =    44  44  X  100  -^  202  =  21.8 

O,  =  16  X  7  =  112         112  X  100  -7-  202  =  55.4 

202 

(9)  52  J  per  cent,  in  pyrite.     Pyrrhotite  contains  39  J  per 
cent,  sulphur. 

( 1 0)  AuCl^  +  H^S  =zAu  +  S+  %HCL 

(11)  106  :  142  =  396.11  :  530.64  grams. 

(1 2)  207  -^  239  =  .866  percent,  and  932  X .866  =  807  Kg. 
Ans. 
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BLOWPIPING. 


(1)  A  chemical  element  is  a  substance  that  cannot  be 
separated  into  any  other  substances. 

(2)  (n)  A  molecule  is  the  smallest  portion  of  a  substance 
that  can  exist  by  itself  independently. 

{d)     An  atom  is  the  smallest  portion  of  an  element. 

(3)  (a)  Atomic  weight  of  an  element  is  the  ratio  of  the 
weight  of  an  atom  of  that  element  to  the  weight  of  an  atom 
of  hydrogen. 

{/f)  Molecular  weight  is  the  weight  of  a  molecule  of  a 
substance. 

(4)  Pd,  Cu,  Fe,  5,  As,  Sd,  Au,  Ag,  Ca,  Mn,  Si. 

(5)  Chemical  affinity  is  the  tendency  that  elements 
possess  of  combining  with  one  another  and  forming  chem- 
ical compounds. 

(6)  Subscripts  are  small  figures  placed  after  and  slightly 
below  the  symbols. 

(7)  A  group  of  elements  that  acts  as  a  single  element. 
See  Art.  1 3. 

(8)  Coefficients  are  numbers  placed  before  symbols. 
See  Art.  1 4. 

(9)  ((i)  It  shows  that  all  inside  the  bracket  is  to  be 
multiplied  by  the  coefficient. 

{b)  It  indicates  that  the  elements  inside  the  bracket  are 
to  be  treated  as  a  single  element.     See  Art.  13. 
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(10)  {a)  A  compound  of  hydrogen  with  one  or  more 
elements.     See  Art.  31. 

{b)     A  compound  containing  no  water.     See  Art.  31. 

(11)  (^)  A  compound  opposed  to  acids. 

(d)  A  compound  produced  by  reducing  the  hydrogen  of  an 
acid  with  some  metallic  element.     See  Art.  34. 

(12)  With  carbonates,  there  will  be  effervescence;  with 
sulphides,  hydrogen  sulphide  will  be  given  off;  many  silicates 
are  unaffected  by  acids.     See  Art.  46. 

(13)  See  Art.  48. 

(14)  {a)  and  (d)  See  Arts.  58  and  59. 

(15)  It  is  an  increase  in  the  proportion  of  oxygen.  See 
Art.  36. 

(16)  The  change  from  a  non-metallic  to  a  metallic  state. 
See  Art.  37. 

(17)  See  Arts.  41  to  43. 

(18)  See  Art.  94. 

(19)  Antimony  gives  a  sublimate  black  when  hot  and 
cherry  red  to  brownish  red  when  cold.  Arsenic  gives  a 
sublimate  of  a  black  brilliant  luster  while  warm  and  orange 
red  to  a  yellowish  red  when  cold.  The  black  mirror  of 
metallic  arsenic  will  distinguish  it  from  antimony.  See 
Art.  96. 

(20)  By  a  sublimate  of  a  dark-red  to  almost  a  black 
color  and  an  odor  of  decaying  horseradish.     See  Art.  96  {e). 

(21)  See  Art.  96  (/). 

(22)  See  Arts.  99  and  1 OO. 

(23)  See  Art.  1  OO. 

(24)  Sulphur  in  a  mineral  interferes  with  the  reaction 
before  the  blowpipe.     Arsenic  does  the  same. 

(25)  {a)  and  (*)  See  Arts.  lOl  and  102. 
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(26)  Sodium,  reddish  yellow;  barium,  yellowish  green; 
copper,  emerald  grqen  to  azure  blue;  calcium,  yellowish 
red.     See  Art.  1 03. 

(27)  (a)  Those  substances  that  are  of  light  color  either 
before  or  after  ignition. 

{d)  Only  colorations  for  alumina,  magnesia,  zinc,  and  tin 
are  to  be  relied  on.     See  Art.  104. 

(28)  See  Arts.  107  to  1 1 1. 

(29)  (a)  Gold,  silver,  molybdenum,  tungsten,  and  other 
elements  mentioned  in  Art.  112. 

(6)  Neutral  oxalate  of  potassa  and  cyanide  of  potas- 
sium.    See  Art.  113. 

(30)  See  Art.  115. 

(31)  It  is  instantly  reduced  and  volatilized.  See 
Table  VII. 

(32)  Water  in  a  mineral  is  detected  by  heat  driving  it 
off  from  the  mineral  and  its  being  condensed  in  the  upper 
end  of  the  tube.     See  Art.  1 1 8. 

(33)  Presence  of  sulphates  may  be  detected  by  fusing 
substances  with  pure  soda,  then  placing  the  fused  material 
on  a  silver  coin  and  moistening  it  with  pure  water.  This 
operation  will  give  a  brown  silver-sulphide  stain  on  the  coin. 
See  Art.  117. 


MINERALOGY. 


(1) 

See  Art.  1 . 

(2) 

See  Art.  2. 

(3) 

See  Arts.  9  and  lO. 

(4) 

See  Art.  1 0. 

(5) 

See  Art.  4. 

(6) 

See  Art.  1 2. 

(7) 

See  Arts.  5  and  6. 

(8) 

See  Art.  1 1 . 

(9) 

See  Arts.  1  to  17. 

(lO] 

1     See  Arts.  1 4  to  1 6. 

(11] 

(     See  Art.  8. 

(12] 

1     See  Arts.  18  and  19. 

(13] 

)     See  Art.  1 9. 

(14] 

)     See  Art.  21. 

(15] 

1     See  Art.  22. 

(16] 

1     See  Art.  29. 

(17] 

1     See  Art.  36. 

(18] 

1     See  Art.  36. 

(19] 

1     See  Art.  80. 

(20] 

1     See  Art.  81. 

(21] 

)     See  Arts.  39  to  45. 

(22] 

I     See  Art.  38. 

(23] 

(     See  Arts.  39  to  45. 

(24; 

I     See  Art.  44. 
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(25)  See  Art.  42. 

(26)  See  Art.  59. 

(27)  See  Art.  60. 

(28)  See  Arts.  65  to  71. 

(29)  See  Art.  70. 

(30)  See  Art.  72. 

(31)  See  Art.  78. 

(32)  See  Art.  47. 

(33)  See  Art.  55. 

(34)  See  Art.  53. 

(35)  See  Art.  49. 

(36)  See  Table  I. 

(37)  See  Table  I. 

(38)  See  Art.  66. 

(39)  See  Art.  85. 

(40)  See  Arts.  85  to  90. 

(41)  See  Table  11  and  Arts.  lOl  and  104. 

(42)  See  Art.  92. 

(43)  See  Table  I  and  Art.  94. 

(44)  See  Table  II  and  Arts.  lOl  and  102. 

(45)  See  Art.  98. 

(46)  See  Art.  98. 

(47)  See  Art.  98. 

(48)  See  Art.  98. 

(49)  See  Art.  98. 

(50)  See  Table  II. 

(51)  See  Arts.  44  and  49. 

(52)  See  Art.  64. 

(53)  See  Arts.  99  to  104. 


ASSAYING. 


(1)  Assaying  is  the  quantitative  analysis  of  ores  and 
metallurgical  products. 

(2)  See  Arts.  107  to  111. 

(3)  (a)  To  set  in  a  dry  place,  away  from  sudden  changes 
in  temperature.  The  support  on  which  it  rests  should  be 
level  and  firm. 

(d)  By  placing  sulphuric  acid  or  calcium  chloride  inside 
the  case  in  order  to  absorb  the  moisture.  See  Arts.  25  to 
28. 

(4)  (n)  In  weighing  the  first  button,  place  the  button  on 
one  pan;  it  will  be  found  that  a  10-mg.  and  a  5-mg.  weight 
in  the  other  pan  will  not  quite  balance  the  button,  while  the 
addition  of  a  1-mg.  weight  will  overbalance  it ;  remove  the 
1-mg.  weight,  close  the  scale  case,  and  move  the  rider  along 
the  beam  until  the  button  is  balanced.  This  will  occur  with 
the  rider  38  divisions  from  the  center  of  the  beam  on  the 
side  opposite  that  in  which  the  button  is  placed ;  hence,  the 
weight  of  the  button  will  be  10  +  5  +  .38  X  2  =  15.76  mg. 

Now  remove  the  button  that  has  been  weighed,  leaving  the 
weights  in  the  scale  pan  and  the  rider  in  its  position.  Place 
the  other  button  in  the  scale  pan  and  it  will  be  found  that 
the  weights  slightly  overbalance  the  button.  By  moving  the 
rider  1  division  of  a  beam  towards  the  center,  it  will  be 
found  that  a  balance  is  established ;  hence,  the  second  button 
weighs  10  +  5  +  .37  X  2  =  15.74  mg.  Of  course,  the  weight 
of  the  second  button  could  be  obtained  by  simply  subtracting 
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the  amount  the  rider  was  moved  from  the  first  reading;  as 
it  was  moved  1  division,  this  would  represent  .02  mg. 

In  weighing  the  gold,  place  the  gold  in  one  pan  and  it  will 
be  found  that  the  2-mg.  weight  slightly  overbalances,  while 
a  1-mg.  weight  does  not  nearly  balance  it.  It  may  be 
weighed  by  leaving  the  1-mg.  weight  in  place  and  moving 
out  the  rider  49  divisions  to  the  .side  opposite  that  on  which 
the  gold  has  been  placed ;  hence,  the  weight  will  be 
1  +  .49  X2  =  1.98  mg. 

This  weight  may  also  be  obtained  by  leaving  the  2-mg. 
weight  on  the  side  opposite  the  gold  and  carrying  the  rider 
across  to  the  side  on  which  the  gold  is  being  weighed.  In 
this  case,  a  balance  will  be  established  when  the  rider  has 
been  moved  1  division  towards  the  pan  containing  the  gold, 
and  the  weight  will  be  2  —  .01  x  2  =  1.98  mg. 

(/?)  As  ^  A.  T.  was  taken,  adding  the  two  weights  will 
give  the  amount  contained  in  1  A.  T. ;  hence,  15.70  +  15.74 
=  in. 5  mg.,  the  combined  weight  of  gold  and  silver,  or  the 
total  number  of  ounces  per  ton  of  precious  metals  contained 
in  the  ore;  the  weight  of  the  gold  equals  the  number  of 
ounces  per  ton  of  gold  in  the  ore,  and 

31.50 
1.98  mg.,  or  the  number  of  ounces  of  gold  per  ton. 

29.52  mg. ,  or  the  number  of  ounces  of  silver  per  ton. 

(5)  (^0  ^y  horing  into  the  bullion  as  stated  in 
Art.  140. 

(/;)     For  making  up  proof  assay.     See  Art.  141. 

(r)  In  parts  fine,  per  thousand,  the  remainder  being  base 
metals.  Thus,  United  States  coins  are  900  pure  metal  and 
100  alloy;  in  gold  coins,  the  latter  consists  of  copper  and 
silver.     See  Art.  144. 

(6)  {(7)  A  small  loop  of  platinum  wire. 

(/;)     It  does  away  with  very  small  weights.     See  Art.  24. 

(7)  (rtr)  See  Table  I. 
(/;)   See  Table  II. 
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(8)  From  Table  IV,  by  looking  in  the  first  column  we 
find  300;  and  opposite,  in  the  second  column,  305  to  310  as 
the  number  of  milligrams  of  silver  to  be  used  in  the  proof 
assay  when  300  mg.  was  obtained  from  the  preliminary 
assay.  As  there  is  15  per  cent,  of  copper  in  the  bullion,  we 
turn  to  the  fourth  column  of  Table  IV,  and  opposite  15  per 
cent,  find  in  the  fifth  column  75  mg.  as  the  amount  of  c.  p. 
copper  to  be  added  to  the  proof  assay.  The  sum  of  the 
weights  of  the  silver  and  the  copper  contained  in  the  pre- 
liminary assay  is  as  follows :  75  +  300  =  375 ;  500  —  375 
=  125  mg.,  or  the  amount  of  test  lead  that  must  be  used  in 
making  up  the  proof  assay.  In  the  third  column  of  Table  IV, 
opposite  300  in  the  first  column,  we  find  15  as  the  number  of 
milligrams  of  c.  p.  lead  foil  to  be  used  for  wrapping  the 
proof  assay;  hence,  the  proof  assay  will  consist  of 

305  to  310  mg.  of  silver, 

75  mg.  of  copper, 

125  mg.  of  test  lead, 

all  of  which  are  to  be  wrapped  in  15  mg.  of  c.  p.  lead  foil. 

(y)  In  order  to  obtain  the  average  of  two  titrations,  add 
the  results  from  both  and  divide  the  sum  by  2. 

'  =  48.25,  average  number  of  c.  c. 

As  the  standard  of  the  iron  solution  is  .0()lltl5,  we  must 
multiply  the  average  number  of  c.  c.  by  it. 

48.25  X  .0091>5  =  .48008,  or  practically  48.01  per  cent,  of  iron. 

(10)  00  See  Arts.  29  to  31. 
(/;)   See  Art.  29. 

(11)  ((j)  For  the  purpose  of  collecting  the  gold  into  a 
button. 

(/;)     See  Art.  69. 

(12)  Placing  the  gold-and-silver  button  in  a  parting  flask 
or  porcelain  capsule,  adding  nitric  acid,  and  boiling.  See 
Arts.  1 OO  to  1 03. 
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(13)  As  the  standard  for  iron  is  normal  and  would  read 
directly  into  per  cent,  of  iron,  it  is  simply  necessary  to  mul- 
tiply the  number  of  c.  c.  used  by  the  factor  for  manganese, 
or  20.5  X  .2946  =  6.039,  or  practically  6.04  per  cent,  of 
manganese. 

(14)  See  Arts.  232  to  235. 

(15)  As  2  A.  T.  of  litharge  was  employed  when  testing 
the  litharge,  it  will  be  necessary  to  divide  the  result  by  2  to 
obtain  the  amount  of  silver  contained  in  1  A.  T. ;  hence, 
1.5  -^  2  =  .75  mg.,  or  the  amount  of  silver  in  1  A.  T.  of  lith- 
arge; and  as  5.75  mg.  were  obtained  as  the  total  weight  of 
silver,  the  weight  of  silver  in  the  ore  can  be  found  by  sub- 
tracting the  amount  of  silver  in  the  litharge  from  this,  or 
5.75  mg.  —  .75  =  5  mg.,  equals  the  number  of  ounces  of 
silver  per  ton  in  the  ore. 

(16)  As  500  mg.  of  fine  bullion  was  used,  it  will  be 
necessary  to  multipy  the  results  by  2;  hence,  398.5  X  2 
=  797,  or  the  number  of  milligrams  of  silver  in  1,000  mg. 
of  bullion,  and  16  X  2  =  32,  or  the  number  of  milligrams 
of  gold  in  1,000  mg.  of  bullion;  hence,  the  bullion  would  be 
reported  as  797  fine  in  silver  and  32  fine  in  gold,  or 
omitting  the  word  fine,  the  bar  would  be  stamped, 

Silver 797 

Gold 032 

(17)  (a)  As  the  iron  solution  is  normal,  and  as  the 
result  in  CaO  is  just  one-half  that  in  iron,  we  will  simply 
have  to  divide  the  number  of  c.  c.  obtained  by  2,  or  30.4 
-r-  2  =  15.2,  the  percentage  of  CaO  in  the  ore. 

(d)  As  CaO  contains  71.43  per  cent,  of  6Vz,  the  per- 
centage contained  in  the  ore  will  be  found  by  multiplying 
15.2  by  this  factor,  or  15.2  X  .7143  =  .10857,  or  practically 
10.86  per  cent,  of  Ca. 

(18)  The  temperature  should  be  reduced  to  25"^  C.  See 
Art.  213. 

(19)  {a)  29.166  grams,  or  29,166  mg. 
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(d)  In  2,000  pounds,  or  1  ton,  avoirdupois  weight,  there 
are  29,166+  troy  ounces.     See  Art.  30. 

(20)  As  the  same  amount  of  test  lead  was  used  in  the 
assay  and  in  obtaining  the  amount  of  silver  in  the  test  lead, 
subtract  the  amount  obtained  from  the  results  of  the  assay; 
that  is,  32.5  —  .3  =  32.2  mg.  As  the  number  of  milligrams 
of  silver  contained  in  .1  A.  T.  of  ore  was  used,  the  result 
must  be  multiplied  by  10  to  obtain  the  amount  contained  in 
1  A.  T.  Hence,  32.2  X  10  =  322  mg.,  or  the  number  of 
ounces  of  silver  per  ton  contained  in  the  ore. 

(21)  (a)  First,  adding  the  two  weights  so  as  to  obtain 
the  average,  we  have 

3.45 
3.47 


6.92  =  total  number  mg.  from-|  A.  T. 

2. 12  =  number  of  mg.  of  gold  from  |  A.  T. 

4.80  =  number  of  mg.  of  silver  from  \  A.  T. 

On  account  of  the  fact  that  only  \  A.  T.  has  been  taken 
for  obtaining  the  results  in  milligrams,  it  will  be  necessary 
to  multiply  by  5,  or 

2.12  X  5  =  10.6  ounces  of  gold  per  ton, 
4.80  X  5  =  24.00  ounces  of  silver  per  ton. 

(^)  The  value  of  the  precious  metals  is  obtained  by  mul- 
tiplying the  number  of  ounces  of  each  by  its  value  per  ton,  or 

10.6  X  20.67  =  $219.10 
24.0  X      .60  =      14.40 

Total,  *233.50 

(22)  (n)  Owing  to  the  fact  that  two  5-gram  charges  of 
ore  were  taken,  the  amount  of  ore  in  a  10-gram  charge  can 
be  obtained  by  adding  the  two  results,  or  3.25  +  3.27 
=  6.52  g.  of  lead  in  10  g.  of  ore;  hence,  6.52  -4- 10  =  .652,  or 
the  ore  contains  (55.2  per  cent,  of  lead. 

(d)  If  10-gram  charges  had  been  taken  in  place  of  5,  and 
the  same  amouTcit  of  lead  obtained  from  each  charge,  the  ore 
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would  have  contained  just  half  the  amount  of  lead  given 
above,  or  .052  -i-  2  =  .320,  or  32.0  per  cent. 

(23)  As  the  potassium -cyanide  solution  is  a  one-half 
normal  solution,  it  will  take  2  c.  c.  of  it  to  equal  1  per  cent, 
of  copper  when  1  gram  of  ore  is  used ;  hence,  1  gram  of  ore 
containing  15  per  cent,  of  copper  will  require  15  X  2,  or 
30  c.  c.  of  the  standard  solution  to  titrate  the  copper. 

(24)  See  Art.  1  20. 

(25)  {(t)  As  ^-A.-T.  charges  of  ore  were  taken,  the 
number  of  milligrams  of  the  precious  metal  per  A.  T.  will 
be  found  by  adding  the  two  results,  or 

4  76 
4.75 


9.51  mg.  =  ounces  precious  metals  per  ton. 

9.51 
.75  mg.  =  ounces  gold  per  ton. 

8.70  mg.  =  ounces  silver  per  ton. 

(*)       .75  X  20.07  =  *15.50,  value  of  gold  per  ton. 

8.70  X      .59  =      5.17,  value  of  silver  per  ton. 

$20.07,  total  value  per  ton. 

(26)  Potassium  bichromate  and  potassium  permanga- 
nate methods.     See  Art.   1  70. 

(27)  Dissolve  25  grams  KCN  in  1  liter  of  distilled 
water.  Dissolve  200  mg.  copper  foil  in  5  c.  c.  concentrated 
HNO^.  Heat  until  red  fumes  cease.  Dilute  with  100  c.  c. 
Hfi  and  add  10  c.  c.  strong  ammonia  water.  Run  in  the 
cyanide  solution  from  burette  until  the  color  begins  to  fade. 
Dilute  the  solution  with  200  c.  c.  distilled  water  and  finish 
the  titration.     See  Art.  230. 

(28)  Crucible  and  scorification  assays.     See  Art.  83. 

(29)  If  1  A.  T.  of  I?  10  ore  had  been  taken,  the  weight 
of  the  button  obtained  from  the  assay  would  be  10 
-^  20.07  =  .48379,  or  practically  .4838  mg.     As  \  A.  T.  was 
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taken,  the  weight  of  the  button  would  be  one-half  of  this 

amount,  or  .4838  -r-  2  =  .2419  mg. 

Note.  —  Most  button  balances  would  not  determine  the  weight 
closer  than  .24  mg. 

/o/^x      /  X    '-^  C+29.166/; 

(30)     (a)    J—. — 3 =  ounces  per  ton. 

/I  -p  /^ 

(b)  As  ^  A.  T.  was  taken  for  the  determination  of  gold 
and  silver  in  pulp,  the  results  from  1  A.  T.  can  be  obtained 
as  follows: 

98.51 
98.53 


197.04  =  mg.  from  1  A.  T. 

1.75  =  mg.  gold  in  the  A.  T.  =  ounces  per  ton. 

195.20  =  mg.  silver  in  the  A.  T.  =  ounces  per  ton. 

Substituting  these  factors  in  the  equation, 

248.5  X  195.29  +  29.166  X  853.51 

248.5  +  1.98 
=  293. 129  ounces  silver  per  ton. 

The  weight  of  gold  per  ton  is  obtained  by  substituting  as 

follows: 

248.5  X  1.75  +  29.166  X  5.62 

248.5+  1.98 

=  2.39  ounces  gold  per  ton. 

{c)     The  total  value  of  the  ore  is  as  follows: 

2.39  X  20.67  =  ^  49.4013,  value  of  gold. 
293.129  X    .60  =    175.8774,  value  of  silver. 

$225.2787,  or  11225.28,  total  value  per  ton. 

(31 )  To  obtain  the  weight  of  the  barium  sulphate,  sub- 
tract the  weight  of  the  filter  ash  from  the  total  weight 
obtained,  or.  423 -.004  =  .41 9;  and. 419  X  .13734=  .057545, 
or  5.75  per  cent,  of  sulphur. 

(32)  in)  See  Arts.  90  to  96. 

(/;)  A  little  piece  of  charcoal  should  be  placed  on  it  and 
the  muffle  door  closed. 

N.  M.    II.— 3^ 


8  ASSAYING.  §  36 

(r)     That  the  lead  has  about  all  oxidized. 

(33)  As  the  piano  wire  contains  only  99.7  per  cent,  of 
iron,  it  will  be  necessary  to  determine  the  amount  of  iron 
in  the  samples  used,  and  .105  X  .997  =  .104685,  or  the  num- 
ber of  grains  of  iron  in  the  first  sample,  and  .112  X  .997 
=  .111664,  or  the  number  of  grains  of  iron  in  the  second 
sample. 

Dividing  each  weight  of  iron  by  the  number  of  c.  c.  of 
solution  that  it  required  to  titrate  it,  we  will  obtain  the 
standard  for  each  case,  or 

.104685  -r-  20.9  =  .005008,  for  the  first  standard,  and 
.111664  -^  22.4  =  .004985,  for  the  second  standard. 

Adding  these  two,  we  obtain  .009993,  and  dividing  the 
result  by  2,  we  have  .004996  g.,  which  equals  the  amount  of 
iron  in  grams  that  each  c.  c.  of  the  standard  solution  is 
equal  to,  or  the  standard  of  the  solution  in  iron. 

(34)  For  the  gold  and  the  silver  determination,  as 
^-A.-T.  charges  were  taken,  it  will  be  necessary  to  add  the 
combined  weight  of  the  buttons  to  obtain  the  amount  in 
1  A.  T.,  or 

8.63 
8.62 


17.25  mg.  =  weight  of  gold  and  silver. 
2.35  mg.  =  ounces  of  gold  per  ton. 

14.90  mg.  =  ounces  of  silver  per  ton. 

As  25  c.  c.  of  the  normal  solution  was  used  in  the  iron 
determination  and  1  gram  of  ore  was  taken,  each  c.  c.  of  the 
solution  will  be  equal  to  1  per  cent,  of  iron,  or  the  sample 
will  contain  25  per  cent,  of  iron. 

As  the  same  solution  was  used  in  titrating  1  gram  of  the 
ore  in  the  determination  of  CaO^  and  as  the  standard  for 
CaO  is  just  one-half  that  of  iron,  the  result  will  be  18.4  -f-  2 
=  9.2,  equals  the  percentage  of  CaO  in  the  sample. 

For  obtaining  the  percentage  of  copper,  we  multiply  the 
number   of   c.   c.  used  by   the   factor   for   the   solution,    or 
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26.3  X  .0049  =  .12887,  or  practically  12.89  per  cent,  of 
copper. 

In  like  manner,  in  the  determination  of  zinc  we  multiply 
the  number  of  c.  c.  used  by  the  factor  for  the  solution,  or 
4.5  X  .0099  =  .04455,  or  practically  4.46  per  cent,  of  zinc. 

For  the  determination  of  silica  in  soluble  matter,  we  would 
simply  divide  the  weight  obtained  by  the  weight  taken,  or 
.125 -T- 1.00  =  .125  =  12.5  per  cent,  of  silica.  Hence,  the 
ore  contains  2.35  ounces  of  gold  per  ton,  14.9  ounces  of 
silver  per  ton,  25  per  cent,  iron,  9.2  per  cent.  CaO^ 
12.89  per  cent,  copper,  4.46  per  cent,  zinc,  12.5  per  cent, 
silica. 
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